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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable 
semiconductor module which has high capability for 
cooling and is free of the risk of insulation breakages due 
to thermal stress during manufacture or operation it, and 
to provide a power converter using it. 
SOLUTION: Conductor members 103, having channels 
106 in the inside, are connected to a base plate 101 via 
a resin insulating layer 102, and a power semiconductor 
elements 104 are soldered respectively to these 
members 103, as the conductors of a circuit pattern. 
Then, the channels 106 of the respective members 103 
are connected by an insulated piping 1 05 to make cool 
water flow through it. Since only soldered layers 107 
exist between the elements 104 and the members 103, 
cooling capability is high and since there is no risk of 
insulation breakages to occur due to thermal stress 
during the manufacture or the operation, a reliable power 
semiconductor module is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the semiconductor module of the method which carries out soldering junction of the 
semiconductor device on the surface of a conductor the base — the object for circuit patterns 
formed through the insulating layer on the surface of the member — a conductor — having — 
this object for circuit patterns — the aforementioned object for a circuit pattern — the portion 
of a conductor to which the aforementioned semiconductor device is joined at least the 
conductor which the hole used as the circulation way of a fluid has penetrated inside — the 
semiconductor module with which it forms by the member and thermolysis of the aforementioned 
semiconductor device is characterized by constituting so that it may be given with the fluid by 
which conduction is carried out to the aforementioned circulation way 

[Claim 2] the conductor which has the aforementioned circulation way in invention according to 
claim 1 — a member — two or more pieces — these conductors — the semiconductor module 
characterized by arranging them about at least two in a member at the aforementioned base 
member as the outlet and entrance of those circulation ways are located on the same straight 
line 

[Claim 3] It is the semiconductor module which equips the circulation system which consists of 
heat-exchange equipment which cools the fluid by which conduction is carried out to the 
aforementioned circulation way in invention according to claim 1 , and the aforementioned 
circulation system with the electrical circuit which drives the pump which pours a refrigerant, 
and the aforementioned pump, and is characterized by installing the aforementioned electrical 
circuit in the aforementioned base member. 

[Claim 4] The semiconductor module which the aforementioned heat-exchange equipment is an 
air-blast-quenching formula, and is characterized by the thing [ having constituted so that the 
aforementioned base member might be cooled more in the style of cooling ] in invention 
according to claim 3. 

[Claim 5] The semiconductor module characterized by constituting so that conduction of the 
fluid with which the aforementioned base member has a circulation way inside, and was cooled 
by this circulation way with the aforementioned heat-exchange equipment in invention according 
to claim 3 may be carried out. 

[Claim 6] the conductor which has the aforementioned circulation way in invention according to 
claim 1 — the semiconductor module characterized by being constituted so that conduction of 
the aforementioned fluid to the circulation way concerned of a member may be performed 
through insulating piping and the melting point of this insulating piping may become higher than 
the melting point of the brazing filler metal used for the aforementioned soldering junction 
[Claim 7] The semiconductor module characterized by being the refrigerant with which the 
aforementioned fluid branched from the air-conditioner equipment currently installed separately 
in invention according to claim 1. 

[Claim 8] The power converter characterized by using a semiconductor module according to 
claim 1 to 7 as a switching element of a main circuit. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention — the base — the object for 
circuit patterns formed through the insulating layer on the surface of the member — a 
conductor — a member — having — this object for circuit patterns — a conductor — the 
semiconductor module of the method which carries out soldering junction of the semiconductor 
chip on the surface of a member is started, especially it is related with the suitable power 
semiconductor module for the switching element for power conversion, and the power converter 
using it [0002] 

[Description of the Prior Art] The power semiconductor module which contained the switching 
element, and IPM (Inteligent Power Module) which built the control circuit in this are large in the 
field as which high-reliability, such as an automobile and a rail car, is required in recent years, 
and a use spreads, consequently especially the improvement in reliability is demanded. 
[0003] And since switching elements, such as IGBT (insulated-gate bipolar transistor), are also 
large-capacity-ized and the calorific value of a semiconductor device (semiconductor chip) 
increases in connection with this at this time, improvement in refrigeration capacity is required 
strongly. Moreover, although utilization of a hybrid car is progressing in recent years, as for a 
power semiconductor device, in the case of the hybrid car of the method it runs mainly by the 
motor (motor), only a short time generates heat greatly for every start here at the time of start. 
[0004] Therefore, for such a use, although the maximum of the virtual junction temperature of a 
power semiconductor device is low, the exothermic-change width of face of a power 
semiconductor device becomes large, the stress change by thermal expansion and the thermal 
contraction and the so-called heat rocking also become large, and the number of times also 
increases. And since especially this heat rocking gives a thermal fatigue to the brazing joint by 
solder etc., effective cooling is needed for highly reliable grant and highly reliable maintenance. 
[0005] By the way, in such a power semiconductor module and IPM, it is common to usually 
consist of the base which consists of a metal of high temperature conductivity etc., an insulating 
substrate which consists of material of high temperature conductive and high electric insulation, 
and a conductive layer in which the circuit pattern was formed in consideration of the 
numerousness of the calorific value of the power semiconductor device carried, and it is usually 
at this time that the material of an insulating substrate is chosen according to the calorific value 
of loading parts. 

[0006] And with the product of large capacity [ capacity / inside / with big calorific value ], as 
an insulating substrate, although it is expensive, ceramics, such as alumina ceramics with large 
thermal conductivity and alumimium nitride ceramics, are mainly used. Here, an example of the 
power semiconductor module by the conventional technology is shown in drawing 23 and drawing 
24 

[0007] This module forms like illustration the power semiconductor device 104 by which 
soldering junction was carried out on circuit pattern 2102a which has formed in lamination and 
this ceramic board 2101 the ceramic board 2101 which turns into an insulating substrate in one 
field (drawing upper field) of the base boards 101, such as copper. At this time, soldering junction 
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of the ceramic board 2101 is carried out at the base board 101 using copper pattern 2102b on 
the back. 

[0008] And after connection by the metal wire 304 was made to this circuit pattern 2102a and 
wiring to external end-connection child 302a for power and external end-connection child 302b 
for signals is performed further, it is dedicated in a case 303, and it is closed with a resin 301. In 
addition, resins are synthetic resin and the so-called plastics here. 

[0009] next — although the base board 101 makes grease 2105 intervene and is attached in a 
cooling member — here — drawing 23 — cooling of a water cooling type — air-cooled cooling 
whose drawing 24 has a fin by the case where it attaches in a member 2104 — it is the case 
where it attaches in a member 2201, and all are fixed to a cooling member by the mounting bolt 
2103 at this time 

[0010] By the way, since the various material from which coefficient of linear expansion differs is 
used, as for a power semiconductor module, it is common that curvature is in the base board 
101. Here, the directions of this curvature may be the both sides of the direction of a convex 
where the direction of concave where the center of the plane of composition to the cooling 
member of the base board 101 has become depressed, and the center of a plane of composition 
have swollen by parts and the manufacturing process. 

[001 1] the case where curvature is the direction of concave — the base and cooling — a 
member — since the thickness of the grease 2105 which is in between increases — the base 
and cooling — a member — since the contact thermal resistance of a between becomes large, 
refrigeration capacity declines, the temperature rise of the power semiconductor device 104 is 
not stopped at the time of operation, there is also a possibility that a performance may fall and 
break and heat rocking also becomes large, the life of the joint by the soldered joint layer 1 07 
etc. will fall 

[0012] On the other hand, when curvature is the direction of a convex and the bolt 2103 for 
attachment is bound tight, the big bending moment will appear in the ceramic substrate 2101, 
and a crack will often arise. Here, since, as for the ceramic substrate 2101 which the crack 
produced, the insulating tolerance dose will be lost, such a semiconductor module will become 
use impotentia. 

[0013] Thus, although there is especially no problem in refrigeration capacity, the power 
semiconductor module using the ceramic substrate 2101 which is easy to break easily, therefore 
is shown in drawing 23 and drawing 24 although the ceramic substrate 2101 is a high insulation in 
high temperature conduction has the danger of producing the fatal defect of dielectric 
breakdown by the crack of the ceramic substrate 2101, and careful cautions are required for it 
on the occasion of anchoring. 

[0014] On the other hand, by the power semiconductor module of small capacity with 
comparatively little calorific value, as an insulating substrate, although thermal conductivity is 
not so high, the quite cheap insulating layer made of a resin is used. Drawing 25 is an example of 
the small capacity power semiconductor module by the conventional technology, and the resin 
insulating layer 102 is used instead of the insulating substrate in this case. 
[0015] And the conductive layer 306 used as a circuit pattern is formed in this resin insulating 
layer 102, the power semiconductor device 104 is joined by solder on this conductive layer 306, 
and other composition is the same as the case of drawin g 24 . By the way, when this resin 
insulating layer 102 is used, curvature as well as the case where the ceramic substrate 2101 is 
used arises. 

[0016] Here, when curvature is the direction of concave, a contact thermal resistance increases 
similarly and refrigeration capacity declines. On the other hand, when curvature is the direction 
of a convex, since modulus of direct elasticity is small and stretch is large as compared with the 
ceramic substrate 2101, there is no possibility of 102 resin insulating layer that it may be divided. 

[0017] As mentioned above, the resin insulating layer 102 has a problem in refrigeration capacity, 
although modulus of direct elasticity is small, thermal conductivity is small although stretch is 
also large, therefore there is no possibility that, as for the power semiconductor module using 
the resin electric insulating plate 102 of this drawin g 25 , an insulating substrate may break in 
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the case of anchoring. 

[0018] By the way, grease 2105 is used by each by the above semiconductor module. Here, since 
this grease 2105 is silicon resin and the composite material of SERAMMIKU powder, its thermal 
conductivity is not so high. 

[0019] although several steps are excellent rather than there is nothing, since [ for this reason, ] 
there is this grease 2105 — the base and cooling — a member — the thermal resistance of a 
between — the power semiconductor device 104 and cooling — if about several percent of the 
thermal resistance between members will be occupied, therefore a contact thermal resistance in 
the meantime can be reduced, it can contribute to improvement in refrigeration capacity greatly 
[0020] Then, there is a power semiconductor module shown in drawing 26 as the fall of the 
refrigeration capacity by this contact thermal resistance, and a cure of dielectric breakdown by 
the crack of an insulating substrate, the module shown in this drawing 26 — the ceramic 
substrate 2101 — direct and brazing — cooling — the base board 101 in the semiconductor 
module which joined to the member 2201, therefore was shown in drawing 24 , and cooling — the 
joint between members 2201 does not exist from the beginning 

[0021] Therefore, since there is also no layer of the grease by which it should be placed between 
joints, of course in the case of this module and a contact thermal resistance does not exist in 
essence, refrigeration capacity improves by leaps and bounds. Moreover, since there is also no 
anchoring by thread fastening of the base board 101 as a result, there are also few possibilities 
that the crack by bolting may occur. 

[0022] and this time — cooling — fear of the crack which the residual stress by the temperature 
change at the time of junction to the ceramic substrate 2101 and the thermal stress in the time 
of operation are reduced, consequently is generated in the ceramic substrate 2101 can be 
suppressed still smaller by constituting a member 2201 from material with small coefficient of 
linear expansion, such as aluminum-SiC 
[0023] 

[Problem(s) to be Solved by the Invention] Consideration was not carried out to the point which 
has a limit in the improvement in refrigeration capacity of a semiconductor device, but the 
above-mentioned conventional technology had a problem in large-capacity-izing of a 
semiconductor module, and highly reliable maintenance. First, as described above, the 
conventional technology shown in drawin g 23 or drawing 25 had the problem of the crack of an 
insulating substrate, and misgiving was in application for the use as which high-reliability is 
required. 

[0024] moreover, such conventional technology needed careful cautions also for anchoring, 
further, since grease was low-fever conduction, even if it uses this, difficulty stops the contact 
thermal resistance between a fin and the base small, and the problem was in improvement in 
refrigeration capacity 

[0025] on the other hand, it described above with the conventional technology shown in drawin g 
26 — there are few possibilities that the residual stress by the temperature change at the time 
of ceramic substrate junction and the thermal stress in the time of operation can be reduced, 
consequently a ceramic substrate may break, by using material with a small coefficient of linear 
expansion for a cooling member 

[0026] However, since it is essentially a weak material and thermal stress also becomes large 
when the area of a ceramic substrate becomes large by large capacity-ization, ceramics have a 
possibility that an insulating substrate may break. Moreover, when there is a possibility that a 
crack may arise in a ceramic substrate when vibration applies to a severe use and a ceramic 
substrate is used, even if an automobile etc. needs careful cautions for the handling of a power 
semiconductor module and it faces it maintenance, it is necessary to pay sufficient attention. 
[0027] The purpose of this invention is excellent in refrigeration capacity, and is to offer the 
power converter using the highly reliable power semiconductor module and it with the small 
danger of dielectric breakdown by the crack of an insulating substrate. 
[0028] 

[Means for Solving the Problem] In the semiconductor module of the method which carries out 
soldering junction of the semiconductor device on the surface of a conductor the above- 
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mentioned purpose — the base — the object for circuit patterns formed through the insulating 
layer on the surface of the member — a conductor — having — this object for circuit patterns 
— the aforementioned object for a circuit pattern — the conductor to which the hole used as 
the circulation way of a fluid has penetrated the portion of a conductor to which the 
aforementioned semiconductor device is joined at least inside — it forms by the member, and it 
is given with the fluid by which conduction is carried out to the aforementioned circulation way, 
and thermolysis of the aforementioned semiconductor device makes and is attained 
[0029] the conductor which has the aforementioned circulation way at this time — a member — 
two or more pieces — these conductors — about at least two in a member The circulation 
system which the outlet and entrance of those circulation ways become from the heat-exchange 
equipment which cools the fluid by which may be arranged at the aforementioned base member 
as is located on the same straight line, and conduction is carried out to the aforementioned 
circulation way, The aforementioned circulation system is equipped with the electrical circuit 
which drives the pump which pours a refrigerant, and the aforementioned pump, and the 
aforementioned electrical circuit may be made to be installed in the aforementioned base 
member. 

[0030] Moreover, at this time, the aforementioned heat-exchange equipment is an air-blast- 
quenching formula, the aforementioned base member may be made to be cooled more in the 
style of cooling, or the aforementioned base member has a circulation way inside, and the 
conduction of the fluid cooled by this circulation way with the aforementioned heat-exchange 
equipment may be made to be carried out. 

[0031] furthermore, the conductor which it has in the aforementioned circulation way — it may 
make be the refrigerant with which conduction of the aforementioned fluid to the circulation way 
concerned of a member was performed through insulating piping, it could constitute so that the 
melting point of this insulating piping might become higher than the melting point of the brazing 
filler metal used for the aforementioned soldering junction, and the aforementioned fluid 
branched from the air-conditioner equipment currently installed separately 
[0032] Similarly the above-mentioned purpose is attained by constituting a power converter in 
one of the above, using the semiconductor module of a publication as a switching element of a 
main circuit. 
[0033] 

[Embodiments of the Invention] First, before explaining concretely about the gestalt of operation 
of this invention, the plan of drawin g 1 and the side elevation of drawin g 2 explain the 
fundamental composition of this operation gestalt briefly here. In these drawing 1 and drawin g 2 , 
first, 101 is a base board and the resin insulating layer 102 is formed in one field of this base 
board 101. 103 [ next, ] — a conductor — the circuit pattern to which it is a member, and it is 
divided into some portions and a semiconductor device is joined by this like illustration — a 
conductor is formed 

[0034] and — each — a conductor — through the resin insulating layer 102, a member 103 is 
arranged on the base board 101, and is joined to the base board 101 by the resin insulating layer 
102 — having — **** — these — each — a conductor — each power semiconductor device 
104 is joined to the exposed surface of a member 103 by the soldered joint layer 107 
[0035] here — each — a conductor — it has predetermined thickness as a member 103 is made 
from electrical conducting materials, such as copper, and it is expressed to drawing 2 , and the 
hole which becomes the thickness direction and a right angle with the path of the fluid for 
cooling to the interior, respectively is formed as a circulation way 106 of a-two round trip 
[0036] and these circulation ways 106 are mutually open for free passage with the piping 105 
currently made from the insulating material, i.e., insulating piping, — having — each — a 
conductor — it passes along the circulation way 106 of a-two round trip of a member 103, and it 
is made so that a series of fluid channels for cooling may break and it may be formed as a 

[0037] then, the piping 105 — minding — each — a conductor — if the circulation way 106 of a 
member 103 is made to carry out conduction of the fluid used as a predetermined coolant, for 
example, the water of predetermined temperature, — each — a conductor — the circuit pattern 
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to each power semiconductor device 104 which boils a member 103, respectively and is joined — 
while forming a conductor, it will work also as a member which cools each power semiconductor 
device 104 

[0038] here according to the composition of these drawin g 1 and drawing 2 — each — a 
conductor — since it decreases sharply as compared with the case where the soldered joint 
layer 107 only intervened, and the cooling water in the circulation way 106 and the thermal 
resistance between the power semiconductor devices 104 were very small for it, and it is placed 
between them by the conventional insulating substrate since all [ the heat transfer path between 
a member 103 and the power semiconductor device 104 / the insulator ], a high cooling 
performance is obtained easily 

[0039] moreover, since piping 105 has been carried out to insulating piping at this time, it is in 
different potential — each — a conductor — the insulation needed between members 103 
obtains easily — having — a conductor — formation of the circuit pattern by the member 103 
also becomes easy moreover, this time — each — a conductor — on the base board 101, two or 
more members 103 are put in order and arranged 

[0040] then — each — a conductor — the entrance and outlet of the circulation way 106 of a 
member 103 are arranged on the same straight line By this, the entrance and outlet of each 
circulation way 106 can face each other on a straight line, and can make it arrange, connection 
of piping can be performed easily, and brief piping can be formed. 

[0041] by the way — each — a conductor — since the circulation way 106 is formed into it, it is 
necessary to thicken a member 103 far as compared with the conductor layer in a common 
circuit pattern here — this conductor — if the thickness of a member 103 increases, the 
thermal stress generated at the time of processing and operation will become large according to 
the difference of coefficient of linear expansion with the base board 101 

[0042] however, the thing for which modulus of direct elasticity is small to the resin insulating 
layer 102, and stretch applies a large material to it here — a conductor with big thickness — 
even if it joins a member 103 to the base board 101, there is no possibility of inviting the 
insulating fall by the crack and the crack to the resin insulating layer 102 by thermal stress 
[0043] this time — thermolysis of the power semiconductor device 104 — a conductor — since 
the inside of the circulation way 106 of a member 103 is depended on heat transfer of the 
flowing cooling water, and the value of heat conduction of the resin insulating layer 102 does not 
become a problem at all, as described above, the quality of the material from which generating of 
a crack does not take place can be chosen arbitrarily 

[0044] Next, the gestalt of implementation of illustration explains the power semiconductor 
module by this invention concretely. However, this invention is not restricted to the gestalt of 
the operation explained below. 

[0045] First, drawing 3 , drawing 4 , and drawin g 5 are the gestalten of the 1 operation at the 
time of applying this invention to a power semiconductor module including a three-phase-circuit 
power circuit, drawin g 3 expresses the planar structure and, as for drawin g 4 , the A-A cross 
section of drawin g 3 and drawing 5 express the B-B' cross section of drawin g 3 here. 
[0046] Moreover, drawin g 6 is the equal circuit of this three-phase-circuit power circuit, and 
that of the sign for each terminal area is the same as that of the sign in the terminal of drawin g 
3 . In addition, this equal circuit is used as an inverter of a three phase circuit. 
[0047] the conductor which the power semiconductor module by this operation form forms the 
resin insulating layer 102 used as an insulating substrate in one field (field of the direction which 
has turned up in drawin g 4 ) of the base board 101 in these drawings, and has the circulation way 
106 on it — the conductive layer 306 used as a member 103 and other circuit patterns — joining 
— this conductor — the power semiconductor device 104 is joined to the position on a member 
103 by the soldered joint layer 107 

[0048] and — each — a conductor — it is mutually open for free passage with insulating piping 
105a, and the circulation way 106 of a member 103 is pulled out outside moreover — each — a 
conductor — on the member 103, another circuit pattern 305 is joined through the insulating 
layer 401 

[0049] furthermore, the power semiconductor device 104 and a conductor — the conductive 
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layer 306 is connected to a member 103, the circuit pattern 305, and it by the metal thin line 
304, respectively (omitted in drawin g 4 ) Here, the wire of the aluminium alloy about 300-500 
micrometerphi is used for these metal thin lines 304. 

[0050] moreover, a conductor — the internal connection terminal 308 and the external end- 
connection child 302 are suitably formed in the member 103, the circuit pattern 305, and the 
conductive layer 306, the printed circuit board 307 is connected to the internal connection 
terminal 308 (the dashed line shows only the appearance of a printed circuit board 307 to 
drawin g 3 ), and external end-connection child 302b is further prepared in this lint substrate 307 
suitably 

[0051] here, with this operation form, a case 303 pastes the base board 101 through the resin 
insulating layer 102 — **** (the dashed line shows only the appearance of a case to drawin g 3 ) 
— using the PPS (polyphenylene sulfide) resin which has thermal resistance as a material of a 
case 303 at this time — the power semiconductor device 104 and a conductor — the junction, 
simultaneously the case 303 by the solder of a member 103 can be pasted up on the resin 
insulating layer 102 

[0052] and these conductors — some external end-connection children 302 are closed by a part 
of member 103, insulating piping 105, a conductive layer 305, the circuit pattern 305, the power 
semiconductor device 104, the metal thin line 304, the internal wiring 308, and it with the resin 
301 with high thermal conductivity, and he is completed as a power semiconductor module 
[0053] In order that a closure resin may prevent having a bad influence on a metal thin line or an 
element at the time of closure, and the time of use, you may make it use comparatively soft 
material, such as silicon gel, although it is common at this time to use stiff thermosetting resin 
comparatively, such as an epoxy resin, to the resin 301 for this closure. 

[0054] Furthermore, if it explains concretely, the base board 101 is first made from lightweight 
and cheap aluminum or an aluminium alloy. This is because it is suitable for the aluminum which 
is cheap and can do it lightweight as compared with copper since this base board 101 has 
comparatively big volume within a power semiconductor module producing a power 
semiconductor module. 

[0055] On the other hand, when a cooling performance is thought as important, copper with still 
higher thermal conductivity is used. At this time, the base board 101 is made into the thickness 
of at least 2mm, and may be made into the thickness of about 30mm so that reduction of the 
thermal resistance by the breadth of the heat in the interior may fully be obtained. Here, you 
may prepare the fin further for forced-air cooling, or the water-cooled tube for water cooling in 
this base board 101. 

[0056] Next, since high insulation is required, for this reason, the epoxy resin by which the filler 
was distributed is used for the resin insulating layer 1 02 used as an insulating substrate. In 
addition, thereby, low thermal resistance nature is also given. 

[0057] And since a modulus of longitudinal elasticity is small as compared with a ceramic board 
and stretch is large, the resin insulating layer 102 by the epoxy resin by which this filler was 
distributed does not have a possibility that it may be divided also with the thermal stress at the 
time of junction and operation. 

[0058] Here, that what is necessary is just to use for a filler what was made from the inorganic 
compound of high temperature conductivity of for example, oxidization silicon, an aluminum oxide, 
etc., the thermal resistance of the resin insulating layer 102 can be reduced, so that the content 
of a filler is increased at this time. 

[0059] However, since there is a limitation in the amount of fillers which can be distributed in an 
epoxy resin, it is good to usually make content of a filler into 75 - 95% of range, and the thermal 
conductivity of the resin insulating layer 102 serves as the range of 2 - 5 W/mK in this case. 
[0060] On the other hand, an option effective in reducing the thermal resistance of the resin 
insulating layer 102 is making it thin. However, if the resin insulating layer 102 is made thin, 
although there will be a possibility that may become easy to generate a pinhole etc. in a resin 
insulating layer, and reliability may fall to it when the part and isolation voltage fall, therefore 
there will be a limitation in the minimum of the thickness of the resin insulating layer 102 and it 
will be based also on the isolation voltage demanded, about 50-250 micrometers becomes a 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/12/03 



7/14 <<— v 



minimum. 

[0061] It is better to be thicker than the case of the conventional power semiconductor module 
here, since relief of the thermal stress at the time of processing and operation is required rather 
than reduction of thermal resistance about this resin insulating layer in the case of this 
invention. 

[0062] moreover, this resin insulating layer 102 — a conductor — the creeping distance which is 
equivalent also to these circumferences at isolation voltage since a member 103 and a 
conductive layer 306 are insulated from the base board 101 — required — this sake — an 
insufficient part — the front face of the base board 101 — an insulating layer — a wrap — it is 
necessary to compensate with things 

[0063] then — this operation form — illustration — like — this resin insulating layer 102 — the 
conductor of the base board 101 — it has prepared all over the member 103 side next, a 
conductor — as a material of a member 103, when it gives priority to heat conduction, the alloy 
of copper or aluminum is chosen 

[0064] Although there is an advantage that aluminum is lightweight, at this time, since coefficient 
of linear expansion is large, a problem is in the reliability of the soldered joint layer 107 which 
joins the power semiconductor device 104, and the use of which high-reliability is required is not 
turned to. on the other hand — copper — aluminum — comparing — low thermal-expansion 
nature and high temperature conductivity — it is — therefore, a conductor — it is suitable for 
the member 103 

[0065] moreover, the power semiconductor device 1 04 and a conductor — the case where the 
reliability of the soldered joint layer 107 which joins a member 103 is taken into consideration — 
a conductor — coefficient of linear expansion chooses material with comparatively high near and 
thermal conductivity as the silicon which forms the power semiconductor device 104 as a 
member 103 

[0066] although there are molybdenum, an aluminum silicon carbide (aluminum-SiC), copper, 
composite material of a copper-acid ghost, etc. as a material which corresponds at this time — 
this conductor — since it is necessary to establish the circulation way 106 in a member 103, in 
consideration of processability, it can be said that copper and the composite material of a 
copper-acid ghost are the optimal 

[0067] the time of this copper and the composite material of a copper-acid ghost being able to 
change coefficient of linear expansion and thermal conductivity with the ratio of copper and a 
copper-acid ghost, and the ratio of a copper-acid ghost being 30% here — coefficient of linear 
expansion — 13.5x10-6 / K — it is — thermal conductivity — 240 W/mK — becoming — this - 
- a conductor — it is suitable for the member 1 03 

[0068] next — each — a conductor — it is made for a member 103 to have the entrance and 
outlet of the circulation way 106 on a straight line When it is made for an entrance and an outlet 
to be on a straight line, it can constitute from same parts and there is an advantage of making 
piping connection easily. 

[0069] here — the operation form of drawing 3 — one conductor — a member — everything but 
103a — the conductor of the same configuration — although 103bis located in a line and 
arranged three members, if the entrance and the outlet were located in a line on the straight line 
like illustration at this time, when the same parts will have been arranged side by side, piping 
connection of each entrance and outlet is made as it is 

[0070] Next, the piping connection method at this time is explained, after making piping 
connection with the operation form of drawin g 3 — a conductive layer 306 and a conductor — a 
member 103 is joined to the resin insulating layer 102, and drawin g 9 explains the procedure of 
the piping connection at this time from drawin g 7 

[0071] that these drawings indicated piping connection sequence to be — it is — the direction 
of an arrow — piping 105 and a conductor — piping is connected by moving a member 103 an 
assembly efficient here sake — each — a conductor — a member — it is good it to become 
requirements that the entrance and outlet of the circulation way 106 in 103b are on a straight 
line and to provide sufficient space for the opposite side of the piping connection direction, and 
to make it a piping path become a picture drawn without lifting the brush from the paper like 
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illustration further 

[0072] by the way — each — a conductor — since a member 103 is a conductor which forms a 
circuit pattern and has become wiring of a part of circuit shown in drawin g 6 — a conductor — a 
member — the case where it becomes the potential from which 103 comrades differ — it is — 
this case — a conductor — it is necessary to use insulating piping for connecting the circulation 
way 106 of a member 103 

[0073] With the operation form of drawing 3 , since conductive member 103 differs in potential, 
respectively, it has piped by insulating piping 105a. however, the conductor which becomes this 
potential — a member — piping of comrades does not need to be insulating piping Here, piping 
1 05b of drawin g 3 is not insulating piping. 

[0074] Insulating piping 105a is prepared in piping connected to the pump for cooling water flows 
which is outside on the other hand, and piping linked to the heat exchanger for cooling of the 
water which carried out the temperature rise by generation of heat of a power semiconductor 
device, and it is made to insulate from a pump or a heat exchanger in part. 

[0075] here — insulating piping 105a — for example, the product made from Teflon (tradename) 

— then, it is good Since Teflon is rich in flexibility and is easily bent when it is high insulation, 
piping connection becomes easy, and since it is chemically stable, high-reliability is acquired. 
[0076] next, a conductor — the circulation way 106 established in a member 103 — a conductor 

— it prepares in the portion near the power semiconductor device 104 so that the thermal 
resistance of a member 103 may become small If two or more circulation ways 106 are formed at 
this time, since heat transfer area will increase, cooling efficiency improves. 

[0077] In order to increase heat transfer area, the circulation way 106 may be bent, and you may 
make it spiral, and may make it prepare a fin in the inside of the circulation way 106 similarly, on 
the other hand, as shown in drawing 10 (b), as shown in drawin g 10 (a). 
[0078] Next, how to form the circulation way 106 is explained, first, a primary method — 
punching tools, such as a drill, — as it is — a conductor — it is the method of opening a hole in 
a member 103 and forming the circulation way 106 

[0079] moreover, the second method — beforehand — a conductor — the member 103 is used 
as the member of two sheets in the state where it was divided in the thickness direction, it is 
the method of forming cutting **** for the field where both sides face each other, and the 
circulation way 1 06 is obtained by sticking the field cut in this case by soldering etc. 
[0080] Here, although a primary method has few processes, a configuration has restrictions and 
the configuration of a circulation way is restricted to the simple thing which became a straight 
line. On the other hand, although the process of the method [ second ] increases, as shown in 
drawing 10 , it can create the curved complicated configuration and the path of a complicated 
cross section, since cutting is possible for the above-mentioned copper and the composite 
material of a copper-acid ghost here — a conductor — the member is turned to 
[0081] Next, a conductive layer 306 is made from the alloy of copper or aluminum, and makes 
the front face of the resin insulating layer 102 have rivaled in consideration of electric 
conduction. While aluminum is lightweight and cheap, as mentioned above, it is the same material 
as the base board 101, and since the thermal stress produced in the resin insulating layer 102 
becomes small at the time of processing for this reason, it is here, suitable as a material which 
constitutes a conductive layer. 

[0082] next, a conductor — if how to join a conductive layer 306 to a member 103 at the resin 
insulating layer 102 is explained — this — the position on the resin insulating layer 102 — a 
binder — applying — an each position — a conductor — after laying a member 103 and a 
conductive layer 306, it joins by heating and pressurizing 

[0083] therefore, here — a conductor — the time of pressurizing, when the thickness of a 
member 103 and a conductive layer 306 was equal in general — a conductor — since a uniform 
pressure is applied to the plane of composition of a member 103 and a conductive layer 306, and 
the resin insulating layer 102, good junction can be obtained 

[0084] on the other hand — the circuit pattern 305 — an insulating layer 401 — minding — a 
conductor — although joined to the member 103, there is a method of using a resin as a primary 
method first among the formation methods of the insulating layer 401 at this time in this case, 
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the thing for which the adhesives of a silicon resin system are used for an insulating layer 401 — 
the conductor of the circuit pattern 305 — the junction and the insulation to a member 1 03 can 
attain simultaneously 

[0085] Here, since the internal wiring suitably formed in the circuit pattern 305 and this circuit 
pattern has low resistance and there is little generation of heat produced at the time of 
operation, there is no need for cooling about them, therefore the low-fever conductivity of 
silicon resin does not pose a problem. 

[0086] On the other hand, if the pinhole is formed in the insulating layer 401 with the air bubbles 
at the time of an adhesives application etc., since an insulating strength will fall, as for the 
adhesives at this time, it is desirable to apply to the thickness of 100 to about 600 micrometers. 
Moreover, it is good to perform adhesion of the circuit pattern 305 simultaneously with heating 
for the soldered joint of the power semiconductor device 104. 

[0087] The second of the formation method of an insulating layer 401 is the method of using a 
ceramic substrate, and, in the case of this method, the alumina board which deposited silver at 
the front face and the rear face is used for it. and — first — one field of this alumina board — 
solder — minding — a conductor — it joins to a member 103 at a conductive layer 306, and the 
circuit pattern 305 is joined by solder to the field of the another side 

[0088] the melting point of the solder used at this time — a conductor — it is desirable to 
suppose that it is in general equivalent to the melting point of the soldered joint layer 107 which 
joins the power semiconductor device 104 to a member 103 carrying out like this — the power 
semiconductor device 104 and a conductor — it is because a soldered joint, simultaneously 
soldered joint of a member 103 are obtained 

[0089] MOSFET or IGBT is used for the power semiconductor device 104 as a switching 
element. Selection of in low pressure-proofing using IGBT here using MOSFET when high 
pressure-proofing is required is possible. MOSFET is used and this operation gestalt uses the 
parasitism diode of MOSFET for the free wheel diode here so that clearly from drawin g 6 . 
[0090] On the other hand, in using IGBT as a switching element, it carries separately the free 
wheel diode which carried out the antiparallel connection to IGBT. moreover — although this 
operation gestalt shows the composition which mounted the bare chip — a conductor — even if 
it mounts the discrete device by which the transfer mold was carried out on the member 1 03 — 
the case of a bare chip — the same — operation — possible — a conductor — the degree 
effectively cooled by the member 103 — each — a conductor — the external end-connection 
child is suitably prepared in the member 103 and the conductive layer 306 like illustration Here, 
external end-connection child 302a is first connected to an external power circuit, for this 
reason, this external end-connection child 302a — a case 303 — beforehand — insertion 
formation — carrying out — the power semiconductor device 104 — a conductor — the time of 
pasting up a case 303 on the base board 101, when soldering to a member 103 — this, 
simultaneously a conductor — it is good to join by solder to a member 103 at a conductive layer 
306 

[0091] Next, the internal connection terminal 308 is suitably formed in the circuit pattern 305. 
For this reason, although the internal connection terminal 308 is joined by solder to a printed 
circuit board 307, it may carry electronic parts, such as a capacitor for the driver IC which 
drives the power semiconductor device 104, the microcomputer which controls the power circuit 
which consists of this driver IC and a power semiconductor device, gate resistance, and surge 
absorption, in this printed circuit board 307. 

[0092] Moreover, further, external end-connection child 302b is prepared suitably, and, thereby, 
can connect now with this printed circuit board 307 in an external signal system circuit, by the 
way, the above-mentioned operation form — setting — a conductor — the front face of a 
member 103 — nickel, Ag, Pt, Sn, Sb, Cu, Zn, and Pd with good solder wettability You may make 
it cover the alloy containing at least one sort of metals chosen from the group, or at least two 
sorts of metals which were chosen from these groups. 

[0093] since the above-mentioned metal or the above-mentioned alloy is equipped with good 
solder wettability here — these — a conductor — the front face of a member 103 — a wrap — 
the soldering nature of the power semiconductor device 104 will be greatly improved by things, 
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consequently good junction will be certainly obtained, and much more improvement in reliability 
can be obtained by them the operation form shown in drawin g 3 here — a conductor — the 
front face of a member 1 03 — nickel It plates. 

[0094] next, the metal or alloy equipped with the above-mentioned good solder wettability in this 
operation form — a conductor — the range covered on the front face of a member 103 is 
explained first — as the operation form of this invention — this covering range — a conductor - 

- a part is sufficient although you may be all the front faces of a member 103 Namely, what is 
necessary is just at least a part. 

[0095] here — first — a conductor — supposing it covers on a part of front face of a member 
103, the following effects will be acquired in this case for example, Ag etc. — solder wetting is 
good — covering only to a part, when junction nature with aluminum uses a scarce material but 

— the soldered joint section of the power semiconductor device 104 — Ag The good soldered 
joint by plating is obtained. 

[0096] On the other hand, in the portion to which the metal thin line 304 of aluminum is 
connected, it is Ag. Since there is no plating, junction with the good both sides of the power 
semiconductor device 104 and the metal thin line 304 can be obtained. Next, a position gap of 
the power semiconductor device 104 in the time of a soldered joint can be suppressed by a part 
of covering. 

[0097] Although the power semiconductor device 104 may float and it may move from a position 
when the solder wettability of the covered material is good at this time, and solder fuses at the 
time of junction If solder wettability covers with a good material beforehand only into the portion 
to which the power semiconductor device 104 is joined by solder at this time, since the fused 
solder will not flow out out of this portion There is no possibility that the power semiconductor 
104 may move, therefore it can be joined by solder to the position. 

[0098] in this case — in order to form the fillet (flow side) of solder in the circumference of the 
power semiconductor device 1 04 finely, or it is the same as the thickness (after-mentioned) of 
the solder at this time — several — solder wetting should just cover the range of a latus size 
with a good material from the plane of composition of about a time minute and the power 
semiconductor 104 

[0099] It is desirable to make it set to 50 micrometers or more from the standpoint of reduction 
of heat distortion generated in the soldered joint section as thickness of the soldered joint layer 
107 at this time. Therefore, the range which the above-mentioned covering processing section 
protrudes from the circumference of the power semiconductor 104 serves as about 100 
micrometers of numbers from 50 micrometers. 

[0100] as the quality of the material of the soldered joint layer 107 used for the power 
semiconductor device 104 at this time, and junction of a conductive layer 103 — process 
temperature — in view of a low point — 63%Sn-37% Pb etc. — what is necessary is just to use 
the solder of the Sn-Ag, Sn-Ag^Cu, and Sn-Ag-Bi (bismuth) system, when the solder which 
does not contain lead is required, although the alloy near eutectic composition of tin and lead is 
desirable 

[0101] Here, the soldered joint after piping connection is attained by making the maximum 
temperature at the time of junction of solder lower than the heat-resistant temperature of 
insulating piping in the first half in the case of selection of solder. Since a soldered joint is 
generally performed at temperature higher about 50 degrees C than the melting point at this 
time, it is good to make the melting point of solder lower 50 degrees C or more than the heat- 
resistant temperature of the insulating piping 105. 

[0102] What is necessary is on the other hand, just to connect piping after a soldered joint, when 
the maximum temperature of a soldered joint needs to be made higher than the heat-resistant 
temperature of the insulating piping 105. here — a conductor — in case a member 103 is joined 
to the resin insulating layer 102, pressurization is required as mentioned above therefore, a 
soldered joint — a conductor — the time of making piping connection after a soldered joint, 
since it becomes a process after the process which joins a member 103 to the resin insulating 
layer 102 — a conductor — the member 103 is already being fixed on the base board 101 
[0103] in such a case, it is shown in drawing 1 1 — as — • a conductor — when the entrance and 
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outlet of the circulation way 106 currently formed in the member 103 consider as the 
composition it has turned [ composition ] to the outside, piping connection after a soldered joint 
can be enabled 

[0104] next, the power semiconductor device 104 — a conductor — drawing 12 and drawing 13 
explain the soldered joint layer 107 for joining to a member 103 Here, drawing 13 provides the 
stress impingement baffle 1001 in this soldered joint layer 107 between the layer so that clearly 
[ it may be the enlarged view of the A section of drawing 12 and ] from these drawings. 
[0105] then, the silicon with which the value of the coefficient of linear expansion constitutes 
the power semiconductor device 104 as a material of this stress impingement baffle 1001 and a 
conductor — the heat strain produced in the soldered joint layer 107 can be reduced by using 
the material between the material which constitutes a member 103 

[0106] And as a material of such a stress impingement baffle 1001, thermal conductivity is high, 
and since solder wettability is good, nickel or the nickel alloy is suitable moreover, although 
coefficient of linear expansion is low comparatively. 

[0107] Since it can prevent that the stress impingement baffle 1001 inclines in the layer of the 
soldered joint layer 107 by mixing the ball of the nickel of a diameter equivalent to the thickness 
of this soldered joint layer 107 in the soldered joint layer 107 beforehand at this time and the 
homogeneity of the thickness of the soldered joint layer 107 is held in it, high-reliability is 
acquired further. 

[0108] Therefore, according to the operation gestalt explained above, it excels in refrigeration 
capacity, and there is little danger of dielectric breakdown by the crack of an insulating 
substrate, and it can obtain a highly reliable power semiconductor module easily. Moreover, as a 
result, a highly reliable power converter can be easily obtained by using the power 
semiconductor module concerning this operation gestalt. 

[0109] Next, semiconductor module ****** concerning other operation forms of this invention, 
drawing 14 - drawing 17 explain. At this time, drawing 14 expresses the planar structure, drawin g 
15 expresses the A-A' cross section of drawing 13 , and drawing 16 expresses the B-B' cross 
section of drawing 13 . in order that drawing 17 may, on the other hand, explain the piping 
connection method in drawin g 14 — a conductor — only the power semiconductor device 104 is 
extracted and shown in a member 103, piping 105, the circulation way 106, the resin insulating 
layer 102, and it 

[01 10] the point that the operation form shown in these drawing 14 - drawing 17 differs from the 
operation form explained by drawing 3 - drawin g 5 first here — drawing 14 and drawin g 3 — 
comparison ****** — clear — as — mainly — a conductor — a member — it is in the 
connection form of piping of a between In addition, in respect of others, since it is almost 
common, the sign same about the same composition is only attached, and detailed explanation is 
omitted. 

[01 1 1] namely, — the operation form of drawing 3 — each — a conductor — the circulation way 
106 of a member 103 is a longitudinal direction drawing, breaks by the last of a series of fluid 
channels for cooling, and is formed as a ********** path — receiving — the operation form of 
this drawing 14 — the circulation way 106 — lengthwise — becoming — **** — a series of 
fluid channels for cooling — each — a conductor — it is formed as a path which goes and 
comes back to a member 103 one by one, passes, and goes 

[01 12] Moreover, as a result, the big difference between these operation forms is also in the 
application part of insulating piping 105a in a series of fluid channels for cooling, that is, — 
although the point of having prepared insulating piping 105a in the connection with the exterior is 
the same as the operation form of drawin g 3 — thie operation form of this drawin g 14 — a 
conductor — it is because it is prepared only in the part which whose insulating piping 105a is 
the part where length is short, and does not have deflection about piping between members 103 
[01 13] one conductor which insulating piping 105a has in the bottom drawing so that still more 
clearly, if it explains in detail and drawin g 17 will be seen with the operation form of this drawin g 
14 — a member — 103e and three conductors with the bottom — it is prepared only in a part 
for the bay between 103f of members It cannot be overemphasized that the direction which does 
not prepare big curvature in insulating piping 105a unlike metaled piping is excellent in a point 
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without fear of insulation deterioration here. 

[01 14] then, with the operation form shown in this drawin g 14 - drawing 17 , the entrance and 
outlet of piping serve as this potential about the part which needs deflection at piping — as — a 
conductor — a member 103 — arranging — thereby — a conductor — a member — 103e and a 
conductor — it will be made to have ended if insulating piping 105a is used only for piping 
between 103f of members 

[01 15] and — consequently, a conductor — a member — the 103e said ** and a conductor — a 
metal with easy molding etc. can use piping 105b of an electrical conducting material for piping of 
103f of members, and the fall of the reliability by having bent piping can be prevented from 
happening to it 

[01 16] Therefore, insulating piping 105a is restricted to a straight line, and it is not necessary to 
bend insulating piping 105a, therefore according to this operation form, there is very little fear of 
degradation of insulating piping by bending, and it is high-reliability. Moreover, as a result, there 
will be little amount of expensive insulating piping 105a used, and it will end, and low-pricing can 
be attained. 

[01 17] next, the conductive layer 306 which serves as a circuit pattern with the operation form 
of this drawing 13 in order to make the above-mentioned piping configuration possible — an 
insulating layer 401 — minding — a conductor — a member — it has prepared on 103e and 
differs from the operation form of drawing 3 also at this point 

[01 18] and this conductive layer 306 — a conductor — a member — the result established on 
103e — a conductor — a member — 103e and a conductor — since between 103f of members 
turns into space, and it can pipe with a duct without deflection and piping distance becomes 
small, the size of insulating piping 105a can be shortened 

[01 19] Since this conductor layer 306 can be formed with good conductors, such as copper and 
aluminum, at this time, it is not necessary to make thickness into size like the conductive layer 
306 in the operation form of drawing 3 . and — this conductive layer 306 — a conductor — a 
member — since 103e and the current which counters flow, an inductance falls relatively 
[0120] And jumping of voltage when the power semiconductor device 104 turns off becomes 
small by the fall of this inductance, and fear of destruction of the power semiconductor device 
104 by the overvoltage is made few. 

[0121] Next, drawing 18 and drawing 19 are the 1 operation forms of this invention at the time of 
preparing the electrical circuit for an auxiliary machinery drive which becomes from these pumps, 
a fan, etc. at a heat exchanger 1802, the pump 1801 for cooling water flows, a fan 1803, and it in 
the power semiconductor module shown in drawin g 3 , drawing 18 shows the planar structure 
and drawin g 19 shows the A-A' cross section of drawing 18 . 

[0122] Here, the same sign is attached about the same composition as the operation form 
explained by drawin g 3 - drawin g 5 , therefore the detailed explanation about these portions is 
omitted. In these drawing 18 and drawing 19 , the electrical circuit which drives auxiliary 
machinery is constituted from the 2nd printed circuit board 1703 by the 1st printed circuit board 
1702 which consists of a conductive layer for carrying the power semiconductor device 1701 and 
this power semiconductor device 1701 for auxiliary machinery, and it. 

[0123] and — first — a printed circuit board 1702 — a conductor — it has joined to the resin 
insulating layer 102 by the member 103 simultaneously heating, and pressurization here — this 
printed circuit board 1702 — a conductor — inserting a fixture etc. in the portion which the 
difference of thickness produces, although it is thinner than a member 103 — a conductor — it 
enables it to make it join by the same planar pressure as a member 103 

[0124] Next, the 2nd printed circuit board 1703 is also joined to the resin insulating layer 102 
simultaneously with a printed circuit board 1 702. And although the power semiconductor device 
1701 is joined by solder to a printed circuit board 1702 after this, the soldered joint at this time 
is performed simultaneously with the power semiconductor device 104 which drives a main 
engine. 

[0125] You may carry the circuit which controls the drive of auxiliary machinery, the circuit 
which controls the drive of a main engine further although other electronic parts are carried, and 
electronic parts in the 2nd printed circuit board 1703. And this printed circuit board 1703 is 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/12/03 



13/14 ^— is 



suitably connected with a printed circuit board 307 electrically through the internal connection 
terminal 308. 

[0126] Forced-air cooling of the cooling water 1804 to which temperature rose with the heat 
which the circulation way 106 of each conductive member 103 was connected [ pump / the heat 
exchanger 1802 and / 1801 ] through insulating piping 105a, and cooling water 1804 circulated 
through it with the pump 1801, and was generated in the power semiconductor device 103 is 
carried out in a heat exchanger 1802 by 1805 of the cooling style supplied by the fan 1803. 
[0127] At this time, the heat dissipation from this base board 101 is promoted by making 1805 of 
the cooling style supplied also to the undersurface of the base board 101 by the fan 1803 guide. 
By this, cooling of the power semiconductor device 1701 for the auxiliary machinery carried on 
the printed circuit board 1702 and the circuit element carried in the 2nd printed circuit board 
1 703 can be aimed at. 

[0128] the conductor in which the drive circuit of a main engine established the circulation way 
106 at this time — although cooled by the member 103, the drive circuit of auxiliary machinery 
radiates heat only by heat transfer from the base board 101 undersurface Therefore, it is made 
to be located in the upstream of the flow of 1805 of the cooling style like illustration in the 1st 
printed circuit board 1 702 and 2nd printed circuit board 1 703. 

[0129] However, when [ the power of a main engine is / when / large and the base undersurface 
of the lower part of a main engine goes from the temperature under / of the lower part of 
auxiliary machinery / the base quantity to auxiliary machinery ] becoming, you may arrange so 
that the drive circuit of a main engine may become the windward of 1805 of the cooling style. 
[0130] Next, drawin g 20 is 1 operation form of this invention at the time of also making the base 
board 101 into a water cooling type, and it also forms two pumps 1801, and it is constituted so 
that cooling water 1804b which radiated heat with the heat exchanger 1801 may circulate 
through the circulation way 106 established in the base board 101 while establishing the 
circulation way 106 also in the base board 101 like illustration for this reason. 
[0131] Therefore, according to the operation form of this drawing 20 , even if the calorific value 
of the drive circuit for auxiliary machinery increases, it can respond easily, and it can always cool 
efficiently, and high-reliability can be planned. 

[0132] Next, drawing 21 is 1 operation form at the time of applying to the electronic parts of the 
automobile by which the air-conditioner (air conditioner : conditioner) is equipped with the 
semiconductor module concerning this invention, the principal part is constituted from an 
evaporator 2004 by a compressor 2001, a condenser 2002, an expansion valve 2003, and it, and, 
as for the air-conditioner for automobiles shown here, predetermined refrigerants, such as a 
chlorofluorocarbon-replacing material, are enclosed in these interior and piping. 
[0133] It operates so that operation which supplies a gas [ by which it drove with the engine of 
the automobile which is not illustrating the compressor 2001, the compressor 2001 inhaled the 
gas-like refrigerant from an evaporator 2004 by this, it compressed, and temperature rose to the 
elevated temperature more than ordinary temperature 3— like refrigerant to a condenser 2002 
may be performed, the interior of a condenser 2002 may be in an elevated-temperature high- 
pressure state as a result and the interior of an evaporator 2004 may be in a low voltage state. 
[0134] At this time, an expansion valve 2003 carries out the work which passes only the liquefied 
refrigerant, and thereby, it is held without breaking the high-pressure state by the side of a 
condenser 2002, and the low voltage state by the side of an evaporator 2004. 
[0135] Then, if a condenser 2002 is changed into the state where the atmosphere of ordinary 
temperature **(ed) and the air of the vehicle interior of a room of an automobile is made to ** 
by the fan who is not illustrating by the evaporator 2004, heat will be taken by the atmosphere of 
ordinary temperature, and temperature will fall and liquefy the refrigerant of the shape of gas in 
the elevated temperature in a condenser 2002. 

[0136] Then, if this liquefied refrigerant passes an expansion valve 2003 and is supplied to an 
evaporator 2004, since it is in a low voltage state here, the refrigerant of a liquid will take the 
evaporation latent heat from the air of the vehicle interior of a room, and will carry out 
evaporation boil rapidly, it will gasify, and temperature will fall rapidly here. 
[0137] Since the refrigerant gasified within the evaporator 2004 is inhaled by the compressor 
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2001 one after another at this time, the air of the vehicle interior of a room by which there is no 
inside of an evaporator 2004 in high pressure with a bird clapper, and the evaporation which the 
refrigerant followed is maintained, consequently the condenser 2002 is **(ed) will be cooled, and 
the work as an air-conditioner will be obtained. 

[0138] then, the path of the refrigerant from an evaporator 2004 to [ with the operation form of 
this drawing 21 , applies any of the semiconductor module by the operation form of this invention 
described above for this air-conditioner they are, and ] a compressor 2001 — the conductor of a 
semiconductor module — it constitutes so that a series of fluid channels for cooling which pass 
along a member 103 may be contained 

[0139] Here, it is the almost same temperature as the air of the vehicle interior of a room 
currently cooled by the air-conditioner, the refrigerant of the shape of gas which comes out from 
an evaporator 2004 is in remarkable low temperature rather than ordinary temperature, therefore 
according to this operation form, it can cool the power semiconductor device 1 03 still more 
effectively. 

[0140] next, drawing 22 — the operation form of drawing 21 — setting — the conductor of a 
semiconductor module — the branch line 2006 which equipped with the control valve 2005 a 
series of fluid channels for cooling which pass along a member 103 is formed Therefore, since 
there is a control valve 2005 in the case of this operation form, according to the operating 
condition of a semiconductor module, the flow rate of the refrigerant by which conduction is 
carried out there is changeable. 

[0141] When the power semiconductor module by the above-mentioned operation form is applied 
to an automobile, a starter generator is in the target load. The hybrid car of the method it runs 
with a motor at the time of start is equipped with this starter generator, and short time duty of 
the power semiconductor module applied to the control is carried out at the time of start. 
[0142] that is, — the time of generation of heat of a power semiconductor module being a short 
time, therefore a power semiconductor device generating heat in this case, according to the 
operation form of drawing 22 — control valve 2005 ** — opening — the refrigerant of an air- 
conditioner — a conductor — a power semiconductor device can be effectively cooled by 
circulating a member 103 
[0143] 

[Effect of the Invention] According to this invention, it excels in refrigeration capacity, and there 
is little fear of dielectric breakdown by the crack of an insulating substrate, and a highly reliable 
power semiconductor module and the power converter using it can be offered. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention — the base — the object for 
circuit patterns formed through the insulating layer on the surface of the member — a 
conductor — a member — having — this object for circuit patterns — a conductor — the 
semiconductor module of the method which carries out soldering junction of the semiconductor 
chip on the surface of a member is started, especially it is related with the suitable power 
semiconductor module for the switching element for power conversion, and the power converter 
using it 
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PRIOR ART 



[Description of the Prior Art] The power semiconductor module which contained the switching 
element and IPM (Inteligent Power Module) which built the control circuit in this are large in the 
field as which high-reliability, such as an automobile and a rail car, is required in recent years, 
and a use spreads, consequently especially the improvement in reliability is demanded. 
[0003] And since switching elements, such as IGBT (insulated-gate bipolar transistor), are also 
large-capacity-ized and the calorific value of a semiconductor device (semiconductor chip) 
increases in connection with this at this time, improvement in refrigeration capacity is required 
strongly. Moreover, although utilization of a hybrid car is progressing in recent years, as for a 
power semiconductor device, in the case of the hybrid car of the method it runs mainly by the 
motor (motor), only a short time generates heat greatly for every start here at the time of start. 
[0004] Therefore, for such a use, although the maximum of the virtual junction temperature of a 
power semiconductor device is low, the exothermic-change width of face of a power 
semiconductor device becomes large, the stress change by thermal expansion and the thermal 
contraction and the so-called heat rocking also become large, and the number of times also 
increases. And since especially this heat rocking gives a thermal fatigue to the brazing joint by 
solder etc., effective cooling is needed for highly reliable grant and highly reliable maintenance. 
[0005] By the way, in such a power semiconductor module and IPM, it is common to usually 
consist of the base which consists of a metal of high temperature conductivity etc., an insulating 
substrate which consists of material of high temperature conductive and high electric insulation, 
and a conductive layer in which the circuit pattern was formed in consideration of the 
numerousness of the calorific value of the power semiconductor device carried, and it is usually 
at this time that the material of an insulating substrate is chosen according to the calorific value 
of loading parts. 

[0006] And with the product of large capacity [ capacity / inside / with big calorific value ], as 
an insulating substrate, although it is expensive, ceramics, such as alumina ceramics with large 
thermal conductivity and alumimium nitride ceramics, are mainly used. Here, an example of the 
power semiconductor module by the conventional technology is shown in drawing 23 and drawing 
24 . 

[0007] This module forms like illustration the power semiconductor device 104 by which 
soldering junction was carried out on circuit pattern 2102a which has formed in lamination and 
this ceramic board 2101 the ceramic board 2101 which turns into an insulating substrate in one 
field (drawing upper field) of the base boards 101, such as copper. At this time, soldering junction 
of the ceramic board 2101 is carried out at the base board 101 using copper pattern 2102b on 
the back. 

[0008] And after connection by the metal wire 304 was made to this circuit pattern 2102a and 
wiring to external end-connection child 302a for power and external end-connection child 302b 
for signals is performed further, it is dedicated in a case 303, and it is closed with a resin 301. In 
addition, resins are synthetic resin and the so-called plastics here. 

[0009] next — although the base board 101 makes grease 2105 intervene and is attached in a 
cooling member — here — drawing 23 — cooling of a water cooling type — air-cooled cooling 
whose drawing 24 has a fin by the case where it attaches in a member 2104 — it is the case 
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where it attaches in a member 2201, and all are fixed to a cooling member by the mounting bolt 
2103 at this time 

[0010] By the way, since the various material from which coefficient of linear expansion differs is 
used, as for a power semiconductor module, it is common that curvature is in the base board 
101. Here, the directions of this curvature may be the both sides of the direction of a convex 
where the direction of concave where the center of the plane of composition to the cooling 
member of the base board 101 has become depressed, and the center of a plane of composition 
have swollen by parts and the manufacturing process. 

[001 1] the case where curvature is the direction of concave — the base and cooling — a 
member — since the thickness of the grease 2105 which is in between increases — the base 
and cooling — a member — since the contact thermal resistance of a between becomes large, 
refrigeration capacity declines, the temperature rise of the power semiconductor device 104 is 
not stopped at the time of operation, there is also a possibility that a performance may fall and 
break and heat rocking also becomes large, the life of the joint by the soldered joint layer 107 
etc. will fall 

[0012] On the other hand, when curvature is the direction of a convex and the bolt 2103 for 
attachment is bound tight, the big bending moment will appear in the ceramic substrate 2101, 
and a crack will often arise. Here, since, as for the ceramic substrate 2101 which the crack 
produced, the insulating tolerance dose will be lost, such a semiconductor module will become 
use impotentia. 

[0013] Thus, although there is especially no problem in refrigeration capacity, the power 
semiconductor module using the ceramic substrate 2101 which is easy to break easily, therefore 
is shown in drawing 23 and drawing 24 although the ceramic substrate 2101 is a high insulation in 
high temperature conduction has the danger of producing the fatal defect of dielectric 
breakdown by the crack of the ceramic substrate 2101, and careful cautions are required for it 
on the occasion of anchoring. 

[0014] On the other hand, by the power semiconductor module of small capacity with 
comparatively little calorific value, as an insulating substrate, although thermal conductivity is 
not so high, the quite cheap insulating layer made of a resin is used. Drawing 25 is an example of 
the small capacity power semiconductor module by the conventional technology, and the resin 
insulating layer 102 is used instead of the insulating substrate in this case. 
[0015] And the conductive layer 306 used as a circuit pattern is formed in this resin insulating 
layer 102, the power semiconductor device 104 is joined by solder on this conductive layer 306, 
and other composition is the same as the case of drawing 24 . By the way, when this resin 
insulating layer 102 is used, curvature as well as the case where the ceramic substrate 2101 is 
used arises. 

[0016] Here, when curvature is the direction of concave, a contact thermal resistance increases 
similarly and refrigeration capacity declines. On the other hand, when curvature is the direction 
of a convex, since modulus of direct elasticity is small and stretch is large as compared with the 
ceramic substrate 2101, there is no possibility of 102 resin insulating layer that it may be divided. 

[0017] As mentioned above, the resin insulating layer 102 has a problem in refrigeration capacity, 
although modulus of direct elasticity is small, thermal conductivity is small although stretch is 
also large, therefore there is no possibility that, as for the power semiconductor module using 
the resin electric insulating plate 102 of this drawing 25 , an insulating substrate may break in 
the case of anchoring. 

[0018] By the way, grease 2105 is used by each by the above semiconductor module. Here, since 
this grease 2105 is silicon resin and the composite material of SERAMMIKU powder, its thermal 
conductivity is not so high. 

[0019] although several steps are excellent rather than there is nothing, since [ for this reason, ] 
there is this grease 2105 — the base and cooling — a member — the thermal resistance of a 
between — the power semiconductor device 104 and cooling — if about several percent of the 
thermal resistance between members will be occupied, therefore a contact thermal resistance in 
the meantime can be reduced, it can contribute to improvement in refrigeration capacity greatly 
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[0020] Then, there is a power semiconductor module shown in drawing 26 as the fall of the 
refrigeration capacity by this contact thermal resistance, and a cure of dielectric breakdown by 
the crack of an insulating substrate, the module shown in this drawing 26 — the ceramic 
substrate 2101 — direct and brazing — cooling — the base board 101 in the semiconductor 
module which joined to the member 2201, therefore was shown in drawing 24 , and cooling — the 
joint between members 2201 does not exist from the beginning 

[0021] Therefore, since there is also no layer of the grease by which it should be placed between 
joints, of course in the case of this module and a contact thermal resistance does not exist in 
essence, refrigeration capacity improves by leaps and bounds. Moreover, since there is also no 
anchoring by thread fastening of the base board 101 as a result, there are also few possibilities 
that the crack by bolting may occur. 

[0022] and this time — cooling — fear of the crack which the residual stress by the temperature 
change at the time of junction to the ceramic substrate 2101 and the thermal stress in the time 
of operation are reduced, consequently is generated in the ceramic substrate 2101 can be 
suppressed still smaller by constituting a member 2201 from material with small coefficient of 
linear expansion, such as aluminum-SiC 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, it excels in refrigeration capacity, and there 
is little fear of dielectric breakdown by the crack of an insulating substrate, and a highly reliable 
power semiconductor module and the power converter using it can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Consideration was not carried out to the point which 
has a limit in the improvement in refrigeration capacity of a semiconductor device, but the 
above-mentioned conventional technology had a problem in large-capacity-izing of a 
semiconductor module, and highly reliable maintenance. First, as described above, the 
conventional technology shown in drawing 23 or drawing 25 had the problem of the crack of an 
insulating substrate, and misgiving was in application for the use as which high-reliability is 
required. 

[0024] moreover, such conventional technology needed careful cautions also for anchoring, 
further, since grease was low-fever conduction, even if it uses this, difficulty stops the contact 
thermal resistance between a fin and the base small, and the problem was in improvement in 
refrigeration capacity 

[0025] on the other hand, it described above with the conventional technology shown in drawing 
26 — there are few possibilities that the residual stress by the temperature change at the time 
of ceramic substrate junction and the thermal stress in the time of operation can be reduced, 
consequently a ceramic substrate may break, by using material with a small coefficient of linear 
expansion for a cooling member 

[0026] However, since it is essentially a weak material and thermal stress also becomes large 
when the area of a ceramic substrate becomes large by large capacity-ization, ceramics have a 
possibility that an insulating substrate may break. Moreover, when there is a possibility that a 
crack may arise in a ceramic substrate when vibration applies to a severe use and a ceramic 
substrate is used, even if an automobile etc. needs careful cautions for the handling of a power 
semiconductor module and it faces it maintenance, it is necessary to pay sufficient attention. 
[0027] The purpose of this invention is excellent in refrigeration capacity, and is to offer the 
power converter using the highly reliable power semiconductor module and it with the small 
danger of dielectric breakdown by the crack of an insulating substrate. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/12/03 



1/11 s<— V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In the semiconductor module of the method which carries out 
soldering junction of the semiconductor device on the surface of a conductor the above- 
mentioned purpose — the base — the object for circuit patterns formed through the insulating 
layer on the surface of the member — a conductor — having — this object for circuit patterns 
— the aforementioned object for a circuit pattern — the conductor to which the hole used as 
the circulation way of a fluid has penetrated the portion of a conductor to which the 
aforementioned semiconductor device is joined at least inside — it forms by the member, and it 
is given with the fluid by which conduction is carried out to the aforementioned circulation way, 
and thermolysis of the aforementioned semiconductor device makes and is attained 
[0029] the conductor which has the aforementioned circulation way at this time — a member — 
two or more pieces — these conductors — about at least two in a member The circulation 
system which the outlet and entrance of those circulation ways become from the heat-exchange 
equipment which cools the fluid by which may be arranged at the aforementioned base member 
as is located on the same straight line, and conduction is carried out to the aforementioned 
circulation way. The aforementioned circulation system is equipped with the electrical circuit 
which drives the pump which pours a refrigerant, and the aforementioned pump, and the 
aforementioned electrical circuit may be made to be installed in the aforementioned base 
member. 

[0030] Moreover, at this time, the aforementioned heat-exchange equipment is an air-blast- 
quenching formula, the aforementioned base member may be made to be cooled more in the 
style of cooling, or the aforementioned base member has a circulation way inside, and the 
conduction of the fluid cooled by this circulation way with the aforementioned heat-exchange 
equipment may be made to be carried out. 

[0031] furthermore, the conductor which it has in the aforementioned circulation way — it may 
make be the refrigerant with which conduction of the aforementioned fluid to the circulation way 
concerned of a member was performed through insulating piping, it could constitute so that the 
melting point of this insulating piping might become higher than the melting point of the brazing 
filler metal used for the aforementioned soldering junction, and the aforementioned fluid 
branched from the air-conditioner equipment currently installed separately 
[0032] Similarly the above-mentioned purpose is attained by constituting a power converter in 
one of the above, using the semiconductor module of a publication as a switching element of a 
main circuit. 
[0033] 

[Embodiments of the Invention] First, before explaining concretely about the gestalt of operation 
of this invention, the plan of drawing 1 and the side elevation of drawing 2 explain the 
fundamental composition of this operation gestalt briefly here. In these drawing 1 and drawing 2 , 
first, 101 is a base board and the resin insulating layer 102 is formed in one field of this base 
board 101. 103 [ next, ] — a conductor — the circuit pattern to which it is a member, and it is 
divided into some portions and a semiconductor device is joined by this like illustration — a 
conductor is formed 

[0034] and — each — a conductor — through the resin insulating layer 102, a member 103 is 
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arranged on the base board 101, and is joined to the base board 101 by the resin insulating layer 
102 — having — **** — these — each — a conductor — each power semiconductor device 
104 is joined to the exposed surface of a member 103 by the soldered joint layer 107 
[0035] here — each — a conductor — it has predetermined thickness as a member 103 is made 
from electrical conducting materials, such as copper, and it is expressed to drawing 2 f and the 
hole which becomes the thickness direction and a right angle with the path of the fluid for 
cooling to the interior, respectively is formed as a circulation way 106 of a^two round trip 
[0036] and these circulation ways 106 are mutually open for free passage with the piping 105 
currently made from the insulating material, i.e., insulating piping, — having — each — a 
conductor — it passes along the circulation way 106 of a-two round trip of a member 103, and it 
is made so that a series of fluid channels for cooling may break and it may be formed as a 

[0037] then, the piping 105 — minding — each — a conductor — if the circulation way 106 of a 
member 103 is made to carry out conduction of the fluid used as a predetermined coolant, for 
example, the water of predetermined temperature, — each — a conductor — the circuit pattern 
to each power semiconductor device 104 which boils a member 103, respectively and is joined — 
while forming a conductor, it will work also as a member which cools each power semiconductor 
device 104 

[0038] here according to the composition of these drawing 1 and drawing 2 — each — a 
conductor — since it decreases sharply as compared with the case where the soldered joint 
layer 107 only intervened, and the cooling water in the circulation way 106 and the thermal 
resistance between the power semiconductor devices 104 were very small for it, and it is placed 
between them by the conventional insulating substrate since all [ the heat transfer path between 
a member 103 and the power semiconductor device 104 / the insulator ], a high cooling 
performance is obtained easily 

[0039] moreover, since piping 105 has been carried out to insulating piping at this time, it is in 
different potential — each — a conductor — the insulation needed between members 103 
obtains easily — having — a conductor — formation of the circuit pattern by the member 1 03 
also becomes easy moreover, this time — each — a conductor — on the base board 101, two or 
more members 103 are put in order and arranged 

[0040] then — each — a conductor — the entrance and outlet of the circulation way 106 of a 
member 1 03 are arranged on the same straight line By this, the entrance and outlet of each 
circulation way 106 can face each other on a straight line, and can make it arrange, connection 
of piping can be performed easily, and brief piping can be formed. 

[0041] by the way — each — a conductor — since the circulation way 106 is formed into it, it is 
necessary to thicken a member 103 far as compared with the conductor layer in a common 
circuit pattern here — this conductor — if the thickness of a member 103 increases, the 
thermal stress generated at the time of processing and operation will become large according to 
the difference of coefficient of linear expansion with the base board 101 

[0042] however, the thing for which modulus of direct elasticity is small to the resin insulating 
layer 102, and stretch applies a large material to it here — a conductor with big thickness — 
even if it joins a member 103 to the base board 101, there is no possibility of inviting the 
insulating fall by the crack and the crack to the resin insulating layer 102 by thermal stress 
[0043] this time — heat dissipation of the power semiconductor device 104 — a conductor — 
since the inside of the circulation way 106 of a member 103 is depended on heat transfer of the 
flowing cooling water, and the value of heat conduction of the resin insulating layer 102 does not 
become a problem at all, as described above, the quality of the material from which generating of 
a crack does not take place can be chosen arbitrarily 

[0044] Next, the form of implementation of illustration explains the power semiconductor module 
by this invention concretely. However, this invention is not restricted to the form of the 
operation explained below. 

[0045] First, drawing 3 , drawing 4 , and drawing 5 are the forms of the 1 operation at the time of 
applying this invention to a power semiconductor module including a three-phase-circuit power 
circuit, drawing 3 expresses the planar structure and, as for drawing 4 , the A-A cross section of 
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drawing 3 and drawing 5 express the B-B' cross section of drawing 3 here. 

[0046] Moreover, drawing 6 is the equal circuit of this three-phase-circuit power circuit, and 

that of the sign for each terminal area is the same as that of the sign in the terminal of drawing 

3 . In addition, this equal circuit is used as an inverter of a three phase circuit. 

[0047] the conductor which the power semiconductor module by this operation form forms the 

resin insulating layer 102 used as an insulating substrate in one field (field of the direction which 

has turned up in drawing 4 ) of the base board 101 in these drawings, and has the circulation way 

106 on it — the conductive layer 306 used as a member 103 and other circuit patterns — joining 

— this conductor — the power semiconductor device 104 is joined to the position on a member 
103 by the soldered joint layer 107 

[0048] and — each — a conductor — it is mutually open for free passage with insulating piping 
105a, and the circulation way 106 of a member 103 is pulled out outside moreover — each — a 
conductor — on the member 103, another circuit pattern 305 is joined through the insulating 
layer 401 

[0049] furthermore, the power semiconductor device 1 04 and a conductor — the conductive 
layer 306 is connected to a member 103, the circuit pattern 305, and it by the metal thin line 
304, respectively (omitted in drawing 4 ) Here, the wire of the aluminium alloy about 300-500 
micrometerphi is used for these metal thin lines 304. 

[0050] moreover, a conductor — the internal connection terminal 308 and the external end- 
connection child 302 are suitably formed in the member 103, the circuit pattern 305, and the 
conductive layer 306, the printed circuit board 307 is connected to the internal connection 
terminal 308 (the dashed line shows only the appearance of a printed circuit board 307 to 
drawing 3 ), and external end-connection child 302b is further prepared in this lint substrate 307 
suitably 

[0051] here, with this operation gestalt, a case 303 pastes the base board 101 through the resin 
insulating layer 102 — **** (the dashed line shows only the appearance of a case to drawing 3 ) 

— using the PPS (polyphenylene sulfide) resin which has thermal resistance as a material of a 
case 303 at this time — the power semiconductor device 1 04 and a conductor — the junction, 
simultaneously the case 303 by the solder of a member 103 can be pasted up on the resin 
insulating layer 102 

[0052] and these conductors — some external end-connection children 302 are closed by a part 
of member 103, insulating piping 105, a conductive layer 305, the circuit pattern 305, the power 
semiconductor device 104, the metal thin line 304, the internal wiring 308, and it with the resin 
301 with high thermal conductivity, and he is completed as a power semiconductor module 
[0053] In order that a closure resin may prevent having a bad influence on a metal thin line or an 
element at the time of closure, and the time of use, you may make it use comparatively soft 
material, such as silicon gel, although it is common at this time to use stiff thermosetting resin 
comparatively, such as an epoxy resin, to the resin 301 for this closure. 

[0054] Furthermore, if it explains concretely, the base board 101 is first made from lightweight 
and cheap aluminum or an aluminium alloy. This is because it is suitable for the aluminum which 
is cheap and can do it lightweight as compared with copper since this base board 101 has 
comparatively big volume within a power semiconductor module producing a power 
semiconductor module. 

[0055] On the other hand, when a cooling performance is thought as important, copper with still 
higher thermal conductivity is used. At this time, the base board 101 is made into the thickness 
of at least 2mm, and may be made into the thickness of about 30mm so that reduction of the 
thermal resistance by the breadth of the heat in the interior may fully be obtained. Here, you 
may prepare the fin further for forced-air cooling, or the water-cooled tube for water cooling in 
this base board 101. 

[0056] Next, since high insulation is required, for this reason, the epoxy resin by which the filler 
was distributed is used for the resin insulating layer 102 used as an insulating substrate. In 
addition, thereby, low-fever resistance is also given. 

[0057] And since a modulus of longitudinal elasticity is small as compared with a ceramic board 
and stretch is large, the resin insulating layer 102 by the epoxy resin by which this filler was 
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distributed does not have a possibility that it may be divided also with the thermal stress at the 
time of junction and operation. 

[0058] Here, that what is necessary is just to use for a filler what was made from the inorganic 
compound of high temperature conductivity of for example, oxidization silicon, an aluminum oxide, 
etc., the thermal resistance of the resin insulating layer 102 can be reduced, so that the content 
of a filler is increased at this time. 

[0059] However, since there is a limitation in the amount of fillers which can be distributed in an 
epoxy resin, it is good to usually make content of a filler into 75 - 95% of range, and the thermal 
conductivity of the resin insulating layer 102 serves as the range of 2 - 5 W/mK in this case. 
[0060] On the other hand, an option effective in reducing the thermal resistance of the resin 
insulating layer 102 is making it thin. However, if the resin insulating layer 102 is made thin, 
although there will be a possibility that may become easy to generate a pinhole etc. in a resin 
insulating layer, and reliability may fall to it when the part and isolation voltage fall, therefore 
there will be a limitation in the minimum of the thickness of the resin insulating layer 102 and it 
will be based also on the isolation voltage demanded, about 50-250 micrometers becomes a 
minimum. 

[0061] It is better to be thicker than the case of the conventional power semiconductor module 
here, since relief of the thermal stress at the time of processing and operation is required rather 
than reduction of thermal resistance about this resin insulating layer in the case of this 
invention. 

[0062] moreover, this resin insulating layer 102 — a conductor — the creeping distance which is 
equivalent also to these circumferences at isolation voltage since a member 103 and a 
conductive layer 306 are insulated from the base board 101 — required — this sake — an 
insufficient part — the front face of the base board 101 — an insulating layer — a wrap — it is 
necessary to compensate with things 

[0063] then — this operation gestalt — illustration — like — this resin insulating layer 1 02 — 
the conductor of the base board 101 — it has prepared all over the member 103 side next, a 
conductor — as a material of a member 103, when it gives priority to heat conduction, the alloy 
of copper or aluminum is chosen 

[0064] Although there is an advantage that aluminum is lightweight, at this time, since coefficient 
of linear expansion is large, a problem is in the reliability of the soldered joint layer 107 which 
joins the power semiconductor device 104, and the use of which high-reliability is required is not 
turned to. on the other hand — copper — aluminum — comparing — low-fever expansibility and 
high temperature conductivity — it is — therefore, a conductor — it is suitable for the member 
103 

[0065] moreover, the power semiconductor device 104 and a conductor — the case where the 
reliability of the soldered joint layer 107 which joins a member 103 is taken into consideration — 
a conductor — coefficient of linear expansion chooses material with comparatively high near and 
thermal conductivity as the silicon which forms the power semiconductor device 104 as a 
member 103 

[0066] although there are molybdenum, an aluminum silicon carbide (aluminum-SiC), copper, 
composite material of a copper-acid ghost, etc. as a material which corresponds at this time — 
this conductor — since it is necessary to establish the circulation way 106 in a member 103, in 
consideration of processability, it can be said that copper and the composite material of a 
copper-acid ghost are the optimal 

[0067] the time of this copper and the composite material of a copper—acid ghost being able to 
change coefficient of linear expansion and thermal conductivity with the ratio of copper and a 
copper-acid ghost, and the ratio of a copper-acid ghost being 30% here — coefficient of linear 
expansion — 13.5x10-6 / K — it is — thermal conductivity — 240 W/mK — becoming — this - 
- a conductor — it is suitable for the member 103 

[0068] next — each — a conductor — it is made for a member 103 to have the entrance and 
outlet of the circulation way 106 on a straight line When it is made for an entrance and an outlet 
to be on a straight line, it can constitute from same parts and there is an advantage of making 
piping connection easily. 
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[0069] here — the operation gestalt of drawing 3 — one conductor — a member — everything 
but 103a — the conductor of the same configuration — although 103bis located in a line and 
arranged three members, if the entrance and the outlet were located in a line on the straight line 
like illustration at this time, when the same parts will have been arranged side by side, piping 
connection of each entrance and outlet is made as it is 

[0070] Next, the piping connection method at this time is explained, after making piping 
connection with the operation gestalt of drawing 3 — a conductive layer 306 and a conductor — 
a member 103 is joined to the resin insulating layer 102, and drawing 9 explains the procedure of 
the piping connection at this time from drawing 7 

[0071] that these drawings indicated piping connection sequence to be — it is — the direction 
of an arrow — piping 105 and a conductor — piping is connected by moving a member 103 an 
assembly efficient here sake — each — a conductor — a member — it is good it to become 
requirements that the entrance and outlet of the circulation way 106 in 103b are on a straight 
line and to provide sufficient space for the opposite side of the piping connection direction, and 
to make it a piping path become a picture drawn without lifting the brush from the paper like 
illustration further 

[0072] by the way — each — a conductor — since a member 103 is a conductor which forms a 
circuit pattern and has become wiring of a part of circuit shown in drawing 6 — a conductor — a 
member — the case where it becomes the potential from which 103 comrades differ — it is — 
this case — a conductor — it is necessary to use insulating piping for connecting the circulation 
way 106 of a member 103 

[0073] With the operation gestalt of drawing 3 , since conductive member 103 differs in potential, 
respectively, it has piped by insulating piping 105a. however, the conductor which becomes this 
potential — a member — piping of comrades does not need to be insulating piping Here, piping 
105b of drawing 3 is not insulating piping. 

[0074] Insulating piping 105a is prepared in piping connected to the pump for cooling water flows 
which is outside on the other hand, and piping linked to the heat exchanger for cooling of the 
water which carried out the temperature rise by generation of heat of a power semiconductor 
device, and it is made to insulate from a pump or a heat exchanger in part. 

[0075] here — insulating piping 105a — for example, the product made from Teflon (tradename) 

— then, it is good Since Teflon is rich in flexibility and is easily bent when it is high insulation, 
piping connection becomes easy, and since it is chemically stable, high-reliability is acquired. 
[0076] next, a conductor — the circulation way 106 established in a member 103 — a conductor 

— it prepares in the portion near the power semiconductor device 104 so that the thermal 
resistance of a member 103 may become small If two or more circulation ways 106 are formed at 
this time, since heat transfer area will increase, cooling efficiency improves. 

[0077] In order to increase heat transfer area, the circulation way 106 may be bent, and you may 
make it spiral, and may make it prepare a fin in the inside of the circulation way 106 similarly, on 
the other hand, as shown in drawing 10 (b), as shown in drawing 10 (a). 
[0078] Next, how to form the circulation way 106 is explained, first, a primary method — 
punching tools, such as a drill, — as it is — a conductor — it is the method of opening a hole in 
a member 103 and forming the circulation way 106 

[0079] moreover, the second method — beforehand — a conductor — the member 103 is used 
as the member of two sheets in the state where it was divided in the thickness direction, it is 
the method of forming cutting **** for the field where both sides face each other, and the 
circulation way 106 is obtained by sticking the field cut in this case by soldering etc. 
[0080] Here, although a primary method has few processes, a configuration has restrictions and 
the configuration of a circulation way is restricted to the simple thing which became a straight 
line. On the other hand, although the process of the method [ second ] increases, as shown in 
drawing 10 , it can create the curved complicated configuration and the path of a complicated 
cross section, since cutting is possible for the above-mentioned copper and the composite 
material of a copper-acid ghost here — a conductor — the member is turned to 
[0081] Next, a conductive layer 306 is made from the alloy of copper or aluminum, and makes 
the front face of the resin insulating layer 102 have rivaled in consideration of electric 
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conduction. While aluminum is lightweight and cheap, as mentioned above, it is the same material 
as the base board 101, and since the thermal stress produced in the resin insulating layer 102 
becomes small at the time of processing for this reason, it is here, suitable as a material which 
constitutes a conductive layer. 

[0082] next, a conductor — if how to join a conductive layer 306 to a member 103 at the resin 
insulating layer 102 is explained — this — the position on the resin insulating layer 102 — a 
binder — applying — an each position — a conductor — after laying a member 1 03 and a 
conductive layer 306, it joins by heating and pressurizing 

[0083] therefore, here — a conductor — the time of pressurizing, when the thickness of a 
member 1 03 and a conductive layer 306 was equal in general — a conductor — since a uniform 
pressure is applied to the plane of composition of a member 103 and a conductive layer 306, and 
the resin insulating layer 102, good junction can be obtained 

[0084] on the other hand — the circuit pattern 305 — an insulating layer 401 — minding — a 
conductor — although joined to the member 103, there is a method of using a resin as a primary 
method first among the formation methods of the insulating layer 401 at this time in this case, 
the thing for which the adhesives of a silicon resin system are used for an insulating layer 401 — 
the conductor of the circuit pattern 305 — the junction and the insulation to a member 103 can 
attain simultaneously 

[0085] Here, since the internal wiring suitably formed in the circuit pattern 305 and this circuit 
pattern has low resistance and there is little generation of heat produced at the time of 
operation, there is no need for cooling about them, therefore the low-fever conductivity of 
silicon resin does not pose a problem. 

[0086] On the other hand, if the. pinhole is formed in the insulating layer 401 with the foam at the 
time of an adhesives application etc., since an insulating strength will fall, as for the adhesives at 
this time, it is desirable to apply to the thickness of 100 to about 600 micrometers. Moreover, it 
is good to perform adhesion of the circuit pattern 305 simultaneously with heating for the 
soldered joint of the power semiconductor device 1 04. 

[0087] The second of the formation method of an insulating layer 401 is the method of using a 
ceramic substrate, and, in the case of this method, the alumina board which deposited silver at 
the front face and the rear face is used for it. and — first — one field of this alumina board — 
solder — minding — a conductor — it joins to a member 103 at a conductive layer 306, and the 
circuit pattern 305 is joined by solder to the field of the another side 

[0088] the melting point of the solder used at this time — a conductor — it is desirable to 
suppose that it is in general equivalent to the melting point of the soldered joint layer 107 which 
joins the power semiconductor device 104 to a member 103 carrying out like this — the power 
semiconductor device 104 and a conductor — it is because a soldered joint, simultaneously 
soldered joint of a member 103 are obtained 

[0089] MOSFET or IGBT is used for the power semiconductor device 104 as a switching 
element. Selection of in low pressure-proofing using IGBT here using MOSFET when high 
pressure-proofing is required is possible. MOSFET is used and this operation gestalt uses the 
parasitism diode of MOSFET for the free wheel diode here so that clearly from drawing 6 . 
[0090] On the other hand, in using IGBT as a switching element, it carries separately the free 
wheel diode which carried out the antiparallel connection to IGBT. moreover — although this 
operation gestalt shows the composition which mounted the bare chip — a conductor — even if 
it mounts the discrete device by which the transfer mold was carried out on the member 103 — 
the case of a bare chip — the same — operation — possible — a conductor — the degree 
effectively cooled by the member 103 — each — a conductor — the external end-connection 
child is suitably prepared in the member 103 and the conductive layer 306 like illustration Here, 
external end-connection child 302a is first connected to an external power circuit, for this 
reason, this external end-connection child 302a — a case 303 — beforehand — insertion 
formation — carrying out — the power semiconductor device 104 — a conductor — the time of 
pasting up a case 303 on the base board 101, when soldering to a member 103 — this, 
simultaneously a conductor — it is good to join by solder to a member 103 at a conductive layer 
306 
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[0091] Next, the internal connection terminal 308 is suitably formed in the circuit pattern 305. 
For this reason, although the internal connection terminal 308 is joined by solder to a printed 
circuit board 307, it may carry electronic parts, such as a capacitor for the driver IC which 
drives the power semiconductor device 104, the microcomputer which controls the power circuit 
which consists of this driver IC and a power semiconductor device, gate resistance, and surge 
absorption, in this printed circuit board 307. 

[0092] Moreover, further, external end-connection child 302b is prepared suitably, and, thereby, 
can connect now with this printed circuit board 307 in an external signal system circuit, by the 
way, the above-mentioned operation gestalt — setting — a conductor — the front face of a 
member 103 — nickel, Ag, Pt, Sn, Sb, Cu, Zn, and Pd with good solder wettability You may make 
it cover the alloy containing at least one sort of metals chosen from the group, or at least two 
sorts of metals which were chosen from these groups. 

[0093] since the above-mentioned metal or the above-mentioned alloy is equipped with good 
solder wettability here — these — a conductor — the front face of a member 103 — a wrap — 
the soldering nature of the power semiconductor device 104 will be greatly improved by things, 
consequently good junction will be certainly obtained, and much more improvement in reliability 
can be obtained by them the operation gestalt shown in drawing 3 here — a conductor — the 
front face of a member 1 03 — nickel It plates. 

[0094] next, the metal or alloy equipped with the above-mentioned good solder wettability in this 
operation gestalt — a conductor — the range covered on the front face of a member 103 is 
explained first — as the operation gestalt of this invention — this covering range — a conductor 

— a part is sufficient although you may be all the front faces of a member 103 Namely, what is 
necessary is just at least a part. 

[0095] here — first — a conductor — supposing it covers on a part of front face of a member 
103, the following effects will be acquired in this case for example, Ag etc. — solder wetting is 
good — covering only to a part, when junction nature with aluminum uses a scarce material but 

— the soldered joint section of the power semiconductor device 104 — Ag The good soldered 
joint by plating is obtained. 

[0096] On the other hand, in the portion to which the metal thin line 304 of aluminum is 
connected, it is Ag. Since there is no plating, junction with the good both sides of the power 
semiconductor device 104 and the metal thin line 304 can be obtained. Next, a position gap of 
the power semiconductor device 104 in the time of a soldered joint can be suppressed by a part 
of covering. 

[0097] Although the power semiconductor device 104 may float and it may move from a position 
when the solder wettability of the covered material is good at this time, and solder fuses at the 
time of junction If solder wettability covers with a good material beforehand only into the portion 
to which the power semiconductor device 104 is joined by solder at this time, since the fused 
solder will not flow out out of this portion There is no possibility that the power semiconductor 
1 04 may move, therefore it can be joined by solder to the position. 

[0098] in this case — in order to form the fillet (flow side) of solder in the circumference of the 
power semiconductor device 104 finely, or it is the same as the thickness (after-mentioned) of 
the solder at this time — several — solder wetting should just cover the range of a latus size 
with a good material from the plane of composition of about a time minute and the power 
semiconductor 1 04 

[0099] It is desirable to make it set to 50 micrometers or more from the standpoint of reduction 
of heat distortion generated in the soldered joint section as thickness of the soldered joint layer 
107 at this time. Therefore, the range which the above-mentioned covering processing section 
protrudes from the circumference of the power semiconductor 104 serves as about 100 
micrometers of numbers from 50 micrometers. 

[0100] as the quality, of the material of the soldered joint layer 107 used for the power 
semiconductor device 104 at this time, and junction of a conductive layer 103 — process 
temperature — in view of a low point — 63%Sn-37% Pb etc. — what is necessary is just to use 
the solder of the Sn-Ag, Sn-Ag-Cu, and Sn-Ag-Bi (bismuth) system, when the solder which 
does not contain lead is required, although the alloy near eutectic composition of tin and lead is 
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desirable 

[0101] Here, the soldered joint after piping connection is attained by making the maximum 
temperature at the time of junction of solder lower than the heat-resistant temperature of 
insulating piping in the first half in the case of selection of solder. Since a soldered joint is 
generally performed at temperature higher about 50 degrees C than the melting point at this 
time, it is good to make the melting point of solder lower 50 degrees C or more than the heat- 
resistant temperature of the insulating piping 105. 

[0102] What is necessary is on the other hand, just to connect piping after a soldered joint, when 
the maximum temperature of a soldered joint needs to be made higher than the heat-resistant 
temperature of the insulating piping 105. here — a conductor — in case a member 103 is joined 
to the resin insulating layer 102, pressurization is required as mentioned above therefore, a 
soldered joint — a conductor — the time of making piping connection after a soldered joint, 
since it becomes a process after the process which joins a member 103 to the resin insulating 
layer 102 — a conductor — the member 103 is already being fixed on the base board 101 
[0103] in such a case, it is shown in drawing 1 1 — as — a conductor — when the entrance and 
outlet of the circulation way 106 currently formed in the member 103 consider as the 
composition it has turned [ composition ] to the outside, piping connection after a soldered joint 
can be enabled 

[0104] next, the power semiconductor device 104 — a conductor — drawing 12 and drawing 13 
explain the soldered joint layer 107 for joining to a member 103 Here, drawing 1 3 provides the 
stress impingement baffle 1001 in this soldered joint layer 107 between the layer so that clearly 
[ it may be the enlarged view of the A section of drawing 12 and ] from these drawings. 
[0105] then, the silicon with which the value of the coefficient of linear expansion constitutes 
the power semiconductor device 104 as a material of this stress impingement baffle 1001 and a 
conductor — the heat strain produced in the soldered joint layer 107 can be reduced by using 
the material between the material which constitutes a member 103 

[0106] And as a material of such a stress impingement baffle 1001, thermal conductivity is high, 
and since solder wettability is good, nickel or the nickel alloy is suitable moreover, although 
coefficient of linear expansion is low comparatively. 

[0107] Since it can prevent that the stress impingement baffle 1001 inclines in the layer of the 
soldered joint layer 107 by mixing the ball of the nickel of a diameter equivalent to the thickness 
of this soldered joint layer 107 in the soldered joint layer 107 beforehand at this time and the 
homogeneity of the thickness of the soldered joint layer 107 is held in it, high-reliability is 
acquired further. 

[0108] Therefore, according to the operation gestalt explained above, it excels in refrigeration 
capacity, and there is little danger of dielectric breakdown by the crack of an insulating 
substrate, and it can obtain a highly reliable power semiconductor module easily. Moreover, as a 
result, a highly reliable power converter can be easily obtained by using the power 
semiconductor module concerning this operation gestalt. 

[0109] Next, semiconductor module ****** concerning other operation gestalten of this 
invention, drawing 14 - drawing 17 explain. At this time, drawing 14 expresses the planar 
structure, drawing 1 5 expresses the A-A f cross section of drawing 13 , and drawing 16 expresses 
the B-B' cross section of drawing 13 . in order that drawing 17 may, on the other hand, explain 
the piping connection method in drawing 14 — a conductor — only the power semiconductor 
device 104 is extracted and shown in a member 103, piping 105, the circulation way 106, the 
resin insulating layer 102, and it 

[01 10] the point that the operation gestalt shown in these drawing 14 - drawing 1 7 differs from 
the operation gestalt explained by drawin g 3 - drawing 5 first here — drawing 14 and drawing 3 - 
- comparison ****** — clear — as — mainly — a conductor — a member — it is in the 
connection form of piping of a between In addition, in respect of others, since it is almost 
common, the sign same about the same composition is only attached, and detailed explanation is 
omitted. 

[01 1 1] namely, — the operation gestalt of drawing 3 — each — a conductor — the circulation 
way 106 of a member 103 is a longitudinal direction drawing, breaks by the last of a series of 
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fluid channels for cooling, and is formed as a ********** path — receiving — the operation 
gestalt of this drawing 14 — the circulation way 106 — lengthwise — becoming — **** — a 
series of fluid channels for cooling — each — a conductor — it is formed as a path which goes 
and comes back to a member 103 one by one, passes, and goes 

[01 12] Moreover, as a result, the big difference between these operation gestalten is also in the 
application part of insulating piping 105a in a series of fluid channels for cooling, that is, — 
although the point of having prepared insulating piping 105a in the connection with the exterior is 
the same as the operation gestalt of drawing 3 — the operation gestalt of this drawing 14 — a 
conductor — it is because it is prepared only in the part which whose insulating piping 105a is 
the part where length is short, and does not have deflection about piping between members 103 
[01 13] one conductor which insulating piping 105a has in the bottom drawing so that still more 
clearly, if it explains in detail and drawing 17 will be seen with the operation gestalt of this 
drawing 14 — a member — 103e and three conductors with the bottom — it is prepared only in 
a part for the bay between 103f of members It cannot be overemphasized that the direction 
which does not prepare big curvature in insulating piping 105a unlike metaled piping is excellent 
in a point without fear of insulation deterioration here. 

[01 14] then, with the operation gestalt shown in this drawing 14 - drawing 1 7 , the entrance and 
outlet of piping serve as this potential about the part which needs deflection at piping — as — a 
conductor — a member 103 — arranging — thereby — a conductor — a member — 103e and a 
conductor — it will be made to have ended if insulating piping 105a is used only for piping 
between 1 03f of members 

[0115] and — consequently, a conductor — a member — the 103e said ** and a conductor — a 
metal with easy molding etc. can use piping 1 05b of an electrical conducting material for piping of 
103f of members, and the fall of the reliability by having bent piping can be prevented from 
happening to it 

[0116] Therefore, insulating piping 105a is restricted to a straight line, and it is not necessary to 
bend insulating piping 105a, therefore according to this operation gestalt, there is very little fear 
of degradation of insulating piping by bending, and it is high-reliability. Moreover, as a result, 
there will be little amount of expensive insulating piping 105a used, and it will end, and low- 
pricing can be attained. 

[01 17] next, the conductive layer 306 which serves as a circuit pattern with the operation 
gestalt of this drawing 13 in order to make the above-mentioned piping configuration possible — 
an insulating layer 401 — minding — a conductor — a member — it has prepared on 103e and 
differs from the operation gestalt of drawing 3 also at this point 

[01 18] and this conductive layer 306 — a conductor — a member — the result established on 
103e — a conductor — a member — 103e and a conductor — since between 103f of members 
turns into space, and it can pipe with a duct without deflection and piping distance becomes 
small, the size of insulating piping 105a can be shortened 

[0119] Since this conductor layer 306 can be formed with good conductors, such as copper and 
aluminum, at this time, it is not necessary to make thickness into size like the conductive layer 
306 in the operation gestalt of drawing 3 . and — this conductive layer 306 — a conductor — a 
member — since 103e and the current which counters flow, an inductance falls relatively 
[0120] And jumping of voltage when the power semiconductor device 104 turns off becomes 
small by the fall of this inductance, and fear of destruction of the power semiconductor device 
104 by the overvoltage is made few. 

[0121] Next, drawing 18 and drawing 19 are the 1 operation gestalten of this invention at the 
time of preparing the electrical circuit for an auxiliary machinery drive which becomes from these 
pumps, a fan, etc. at a heat exchanger 1802, the pump 1801 for cooling water flows, a fan 1803, 
and it in the power semiconductor module shown in drawing 3 , drawing 1 8 shows the planar 
structure and drawing 1 9 shows the A-A' cross section of drawing 18 . 

[0122] Here, the same sign is attached about the same composition as the operation gestalt 
explained by drawing 3 - drawing 5 , therefore the detailed explanation about these portions is 
omitted. In these drawing 18 and drawing 19 . the electrical circuit which drives auxiliary 
machinery is constituted from the 2nd printed circuit board 1703 by the 1st printed circuit board 
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1702 which consists of a conductive layer for carrying the power semiconductor device 1701 and 
this power semiconductor device 1701 for auxiliary machinery, and it. 

[0123] and — first — a printed circuit board 1702 — a conductor — it has joined to the resin 
insulating layer 102 by the member 103 simultaneously heating, and pressurization here — this 
printed circuit board 1702 — a conductor — inserting a fixture etc. in the portion which the 
difference of thickness produces, although it is thinner than a member 1 03 — a conductor — it 
enables it to make it join by the same planar pressure as a member 103 

[0124] Next, the 2nd printed circuit board 1703 is also joined to the resin insulating layer 102 
simultaneously with a printed circuit board 1 702. And although the power semiconductor device 
1701 is joined by solder to a printed circuit board 1702 after this, the soldered joint at this time 
is performed simultaneously with the power semiconductor device 104 which drives a main 
engine. 

[0125] You may carry the circuit which controls the drive of auxiliary machinery, the circuit 
which controls the drive of a main engine further although other electronic parts are carried, and 
electronic parts in the 2nd printed circuit board 1703. And this printed circuit board 1703 is 
suitably connected with a printed circuit board 307 electrically through the internal connection 
terminal 308. 

[0126] Forced-air cooling of the cooling water 1804 to which temperature rose with the heat 
which the circulation way 106 of each conductive member 103 was connected [ pump / the heat 
exchanger 1802 and / 1801 ] through insulating piping 105a, and cooling water 1804 circulated 
through it with the pump 1801, and was generated in the power semiconductor device 103 is 
carried out in a heat exchanger 1802 by 1805 of the cooling style supplied by the fan 1803. 
[0127] At this time, the thermolysis from this base board 101 is promoted by making 1805 of the 
cooling style supplied also to the inferior surface of tongue of the base board 101 by the fan 
1803 guide. By this, cooling of the power semiconductor device 1701 for the auxiliary machinery 
carried on the printed circuit board 1 702 and the circuit element carried in the 2nd printed 
circuit board 1 703 can be aimed at. 

[0128] the conductor in which the drive circuit of a main engine established the circulation way 
106 at this time — although cooled by the member 103, the drive circuit of auxiliary machinery 
radiates heat only by heat transfer from base board 101 inferior surface of tongue Therefore, it 
is made to be located in the upstream of the flow of 1805 of the cooling style like illustration in 
the 1st printed circuit board 1702 and 2nd printed circuit board 1703. 

[0129] However, when [ the power of a main engine is / when / large and the base inferior 
surface of tongue of the lower part of a main engine goes from the temperature under / of the 
lower part of auxiliary machinery / the base quantity to auxiliary machinery ] becoming, you may 
arrange so that the drive circuit of a main engine may become the windward of 1 805 of the 
cooling style. 

[0130] Next, drawing 20 is 1 operation gestalt of this invention at the time of also making the 
base board 101 into a water cooling type, and it also forms two pumps 1801, and it is constituted 
so that cooling water 1804b which radiated heat with the heat exchanger 1801 may circulate 
through the circulation way 106 established in the base board 101 while establishing the 
circulation way 106 also in the base board 101 like illustration for this reason. 
[0131] Therefore, according to the operation gestalt of this drawing 20 , even if the calorific 
value of the drive circuit for auxiliary machinery increases, it can respond easily, and it can 
always cool efficiently, and high-reliability can be planned. 

[0132] Next, drawing 21 is 1 operation gestalt at the time of applying to the electronic parts of 
the automobile by which the air-conditioner (air conditioner : conditioner) is equipped with the 
semiconductor module concerning this invention, the principal part is constituted from an 
evaporator 2004 by a compressor 2001, a condenser 2002, an expansion valve 2003, and it, and, 
as for the air-conditioner for automobiles shown here, predetermined refrigerants, such as a 
chlorofluorocarbon-replacing material, are enclosed in these interior and piping. 
[0133] It operates so that operation which supplies a gas [ by which it drove with the engine of 
the automobile which is not illustrating the compressor 2001, the compressor 2001 inhaled the 
gas-like refrigerant from an evaporator 2004 by this, it compressed, and temperature rose to the 
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elevated temperature more than ordinary temperature ]-like refrigerant to a condenser 2002 
may be performed, the interior of a condenser 2002 may be in an elevated-temperature high- 
pressure state as a result and the interior of an evaporator 2004 may be in a low voltage state. 
[0134] At this time, an expansion valve 2003 carries out the work which passes only the liquefied 
refrigerant, and thereby, it is held without breaking the high-pressure state by the side of a 
condenser 2002, and the low voltage state by the side of an evaporator 2004. 
[0135] Then, if a condenser 2002 is changed into the state where the atmosphere of ordinary 
temperature **(ed) and the air of the vehicle interior of a room of an automobile is made to ** 
by the fan who is not illustrating by the evaporator 2004, heat will be taken by the atmosphere of 
ordinary temperature, and temperature will fall and liquefy the refrigerant of the shape of gas in 
the elevated temperature in a condenser 2002. 

[0136] Then, if this liquefied refrigerant passes an expansion valve 2003 and is supplied to an 
evaporator 2004, since it is in a low voltage state here, the refrigerant of a liquid will take the 
evaporation latent heat from the air of the vehicle interior of a room, and will carry out 
evaporation boil rapidly, it will gasify, and temperature will fall rapidly here. 
[0137] Since the refrigerant gasified within the evaporator 2004 is inhaled by the compressor 
2001 one after another at this time, the air of the vehicle interior of a room by which there is no 
inside of an evaporator 2004 in high pressure with a bird clapper, and the evaporation which the 
refrigerant followed is maintained, consequently the condenser 2002 is **(ed) will be cooled, and 
the work as an air-conditioner will be obtained. 

[0138] then, the path of the refrigerant from an evaporator 2004 to [ with the operation gestalt 
of this drawing 21 , applies any of the semiconductor module by the operation gestalt of this 
invention described above for this air-conditioner they are, and ] a compressor 2001 — the 
conductor of a semiconductor module — it constitutes so that a series of fluid channels for 
cooling which pass along a member 103 may be contained 

[0139] Here, it is the almost same temperature as the air of the vehicle interior of a room 
currently cooled by the air-conditioner, the refrigerant of the shape of gas which comes out from 
an evaporator 2004 is in remarkable low temperature rather than ordinary temperature, therefore 
according to this operation gestalt, it can cool the power semiconductor device 103 still more 
effectively. 

[0140] next, drawing 22 — the operation gestalt of drawing 21 — setting — the conductor of a 
semiconductor module — the branch line 2006 which equipped with the control valve 2005 a 
series of fluid channels for cooling which pass along a member 103 is formed Therefore, since 
there is a control valve 2005 in the case of this operation gestalt, according to the operating 
condition of a semiconductor module, the flow rate of the refrigerant by which conduction is 
carried out there is changeable. 

[0141] When the power semiconductor module by the above-mentioned operation gestalt is 
applied to an automobile, a starter generator is in the target load. The hybrid car of the method 
it runs with a motor at the time of start is equipped with this starter generator, and short time 
duty of the power semiconductor module applied to the control is carried out at the time of 
start. 

[0142] that is, — the time of generation of heat of a power semiconductor module being a short 
time, therefore a power semiconductor device generating heat in this case, according to the 
operation gestalt of drawing 22 — control valve 2005 ** — opening — the refrigerant of an air- 
conditioner — a conductor — a power semiconductor device can be effectively cooled by 
circulating a member 1 03 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the plan showing one outline of the semiconductor module by this invention. 
[Drawing 2] It is the front view showing one outline of the semiconductor module by this 
invention. 

[Drawin g 3] It is the plan showing the 1st operation gestalt of the semiconductor module by this 
invention. 

[Drawing 4] It is the cross section showing the 1st horizontal operation gestalt of the 
semiconductor module by this invention. 

[Drawing 5] It is the cross section showing the 1st vertical operation gestalt of the 
semiconductor module by this invention. 

[Drawing 6] It is the equal circuit of the 1 st operation gestalt of the semiconductor module by 
this invention. 

[Drawing 7] It is explanatory drawing of the piping connection method of the 1st operation 
gestalt of the semiconductor module by this invention. 

[Drawing 8] It is explanatory drawing of the piping connection method of the 1 st operation 
gestalt of the semiconductor module by this invention. 

[ Drawin g 9] It is explanatory drawing of the piping connection method of the 1st operation 
gestalt of the semiconductor module by this invention. 

[Drawing 10] the conductor in the operation gestalt of this invention — it is explanatory drawing 
showing an example of a member 

[Drawing 1 1] It is explanatory drawing of the modification in the 1 st operation gestalt of the 
semiconductor module by this invention. 

[Drawing 12] It is explanatory drawing of the joint in the 1st operation gestalt of the 
semiconductor module by this invention. 

[Drawing 13] It is expansion explanatory drawing of the joint in the 1 st operation gestalt of the 
semiconductor module by this invention. 

[Drawin g 14] It is the plan showing the 2nd operation gestalt of the semiconductor module by 
this invention. 

[Drawing 15] It is the cross section showing the 2nd operation gestalt of the semiconductor 
module by this invention. 

[Drawing 16] It is the cross section showing the 2nd operation gestalt of the semiconductor 
module by this invention. 

[ Drawing 17] It is the plan showing the piping connection method of the 2nd operation gestalt of 
the semiconductor module by this invention. 

[ Drawin g 18 ] It is the plan showing the 3rd operation gestalt of the semiconductor module by 
this invention. 

[ Drawin g 19] It is the cross section showing the 3rd operation gestalt of the semiconductor 
module by this invention. 

[Drawing 20] It is the cross section showing the 4th operation gestalt of the semiconductor 
module by this invention. 

[ Drawing 21] It is the block diagram showing the 5th operation gestalt of the semiconductor 
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module by this invention. 

[Drawing 22 ] It is the block diagram showing the 5th operation gestalt of the semiconductor 
module by this invention. 

[Drawing 23 ] It is the cross section showing the 1st example of the semiconductor module by 
the conventional technology. 

[Drawing 24 ] It is the cross section showing the 2nd example of the semiconductor module by 
the conventional technology. 

[Drawing 25 ] It is the cross section showing the 3rd example of the semiconductor module by 
the conventional technology. 

[Drawing 26] It is the cross section showing the 4th example of the semiconductor module by 
the conventional technology. 
[Description of Notations] 

101 Base Board 

102 Resin Insulating Layer 

103 Conductor — Member 

1 04 Power Semiconductor Device 

105 105a Insulating piping 
105b Piping (conductor) 

106 Circulation Way 

107 Soldered Joint Layer 

301 Resin (for Closure) 

302 External End-Connection Child 

303 Case 

304 Metal Thin Line 

305 Circuit Pattern 

306 Conductive Layer 

307 Printed Circuit Board 

308 Internal Connection Terminal 
401 Insulating Layer 

1001 Stress Impingement Baffle 

1701 Power Semiconductor Device for Auxiliary Machinery 

1702 1st Printed Circuit Board (Conductive Layer Which Carries Power Semiconductor Device 
for Auxiliary Machinery) 

1 703 2nd Printed Circuit Board 

1801 Pump 

1802 Heat Exchanger 

1803 Fan 

1804 Cooling Water 

1805 Cooling Wind 

2001 Compressor 

2002 Condenser 

2003 Expansion Valve 

2004 Evaporator 

2005 Control Valve 

2006 Branch Line 

2101 Ceramic Substrate 

2102 Circuit Pattern 

2103 Mounting Bolt 

2104 Water-cooled Fin 

2105 Grease 

2201 Air-Cooling Fin 
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ffii£AyT-Efi£ixT^3;&S, rcOit, Ei^© J: 9 
Ap iffiP^ilj&iLhKftA/T-t^ gB&Srtt^T 

[00 7 0] Kir, cwi:#«)El i ««t*«fe»-oi^R 

3 0 6&tf«#g|5#- 1 0 3 SrWlBtttM 1 0 2 teft&l" 
5±5»w4-dT*sD, w©£#©E1f«3£©3Mlji£Ei7 

[0 0 7 1 ] :iiie>ro|BttE**IJHJi#**Lfct>© 
T% *PP*|*lfcE« 1 0 5 1 0 3 Sr»ttS* 

ifi3tT<Dfc*^lt, 3->H#gW 1 0 3 bfc.*5tt3jjftil!& 
1 o 6©APiHlP«Sitt«±^*5w £ Ef»^^ 

[0 0 7.2] i:5T\ *W*«R5*tl 0 31*13(8^*- 

K4cTl»50T, **SMi*l 0 3R±«i*45ttti: 
rco^, 2»flsg|i«- 1 0 3 ©MilSg 1 
0 6 Sro«;<*©lw|6aEWS:ffiffl1-5^®*sfc5. 

[0073] ei 3 ©njs^flgr-ii, jema5$t 1 o 3 

*t^«ttSr*»r-t-5©-e. M£f 1 0 5 a lrJ;i3E 
ffLTV^S. L^L, W«ffili*5**a»W±<OEff 
i4l6ISE#-efc5^Sli'iv\ E3©Ef 10 

5 bl±|ft»Efft?35cv\ 

[0 0 7 4] ^IwfcSJft^TkSiSfflW^^^w 

# Ufc*©Jft«Iffl»l3!E*«l=«tt+SE*»r»4, — ». 
M1HBV 1 10 5a SrUtt, ^^^^HRXUHBa^lftft* 

[0 0 7 5] ::T', t&mmW 1 0 5 a li, WTUiS.7-7 

5±. -*immz-gfr®M,\zmfbtxz<DX\ &<§mmf 

[0 0 7 6] ftlw, «ffgB»l 0 SCKftSXiBKl 0 

6 li, s&^gB*f 1 0 3 (om&Vifc'hZ < 45 J: 5 /< 
7-^fr^i o 4l^i£v^»»w82:»t5. 
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[oo7 7j f&fcmmm*i%-ttzt>>\a±. 010 

(a) tr^-ri 5 I', iSftiiSS 1 0 6 Srtfrl? ffilf Tift£:|KK 
LTtfi<, IDC<, mi 0(b)<c^-TJ; Sfclig 
1 0 6<Ortffil~Uft£15ll5.fc?i::LT'b&V\ > 
[0 0 7 8] SfcilSS 1 0 6 ^SttS^SiKo^T 

0 3^a*HHfC«ifilSl 

0 6 Sr^-r-5^feT-fo?)o 

[0079] a*:, m~«o^i*ii, ^ibmftMtt 1 0 3 

*0**;&A£^£n&Rft«>2tt«>»tr£ LT 10 

[0 0 8 0] Sg-w^ifctt, ibb*4v»#, 

tocpfibn^. — is. m~<o^m\t. isit#<45 

fflWrftU'.-CV^.So 20 
[00 8 1 ] ScUl. jgHJf 30611, ffliaeSfSr^lRL 

Sioi £ IrI DWftT* ?» , rcortft, Anxut, stJiffi 
£Uf 1 0 2K£C5?»yS;W J /h£ < 45©t, 

[0 0 8 2] ^flrfH5**l 0 3 t^mg3 0 6 Zffi 

Mil o 2«r»&i-s^rtt»=ov^-c»Mi-Si:» - 
nil. fMiil 0 2J:©3fJ£«>tt«»=»*W*r»* 30 
U 4S-*BfJS»tt«K»(tt»t 1 o 3 £ WM 3 0 6 £ 

} 5„ 

[00 8 3] SoT, - r -emte&tt 1 0 3t*tl3 

0 6<0)|Ji!S^Limtf, 3)QlEL5ti:£, 

1 0 3&V«mJ| 3 0 6 £*MBI6ftJB 1 0 2<73«-^B5lr 

[0084] — v3 o si*, mmm4 0 

1 fc#LT*(tttt*l 0 3fc«*$ft-tVSj6^ C<0,t 40 

#«I6««4 o i (DB&nma*. n-rm-nxmt l 

©»*JW«r|ft*«4 0 1 1:1^5: £»IJ:0, 

->-3 0 5 0VftgBttl 0 3«r»i-S«-&t*ft***rai* 

[0 0 8 5] as/^-yaost, ^ronigg 

KI4*<. «ot, ->y 3V»)!i©ffif»egH4H:|B]Hi: 

50 
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[0 0 8 6] »«f3B»*B*«)*fflft flCt Qt6|» 

j|4 o i i:tfy*-^»*sntv^i. IftMUtat 
SS*>T U4 o WC, C10,t#<DgE*?r!ll4l OOjimH 
6 o o ^mga<of SlliSO^lS tv\ 

[0 0 8 7] *6^4 o l <oB&LJj&<o$lZ-i-t. ir? S 

<Z>®£, ^BB&^tT^ffgBWl 0 

3 ^113 0 6£*frU ^Wf&^coffilz, EM-** 
— V3 0 5 Sr^fflt'&tSrofibS, 

[0 0 8 8] wCDfc#{£ffl-rS¥ffl<^li4.«l4, 
1 0 3 kstV—^mitm* 10 4 Sr^tS^Bg^I 
1 0 70lbft£«Cfen«fc-t-S*>4ta£LV*. r?t5 
riK«fc<3, /<!7-JHM*fi 0 4 fcWttttti o 3 

[00 8 9] x<!7-2f«#:m^ 1 0 4 ICI4, MyfV 
^iUMOSFET, XllIGBTSrfflV^. - 
r."C, (£WEE<£>#-S-l-l4MOS FET&/BV\ SWffijJ* 
s8J*fc*frlzi4 I GBTSrfflv>5 tv^ofcS^s"5Ifig-e 
fe5o r«73HJ£^ffil4, H6*»fclKb*»JtCJ: 51-, MO 
SFET#ffl^blXttJ^ r it, 7 9— *-f— 

Ktwli, MOSFET©S4^t-K5rfflv^ 

[0 0 9 0] te*, ^-Y -yf-XTM^k LT I GBTSr 

^flcgPttl 0 3±l- F7^7 7- : f-^K^fc7-f 

IBWHrJMt^Itt-e. l 0 3 trj; !? ^mWirftip 

$ft5 

«-*ffgB*ri o 3 kmmm 3 o 6^14, m*<ox. 

fl-fflWIWB* 3 0 2 a tt^-gB-'N-y-lHJSSt-S^^ftS. 
Z,<Olt#>. r©*Hl»«IIHf3 0 2 all, ^303 

4 £>»<$:£W 1 0 3 K^Btttt-TS t * . 3 
0 3^^-^ffil 0 l cftiP)B#lr, 
jgffgBWi o 3 <t«tt®3 0 6i:tHfl^t5t J:v\ 

[00 9 1 ] ifcUl, 3 0 5 <dl4, rtSB^iK 

48^3 0 8*Sifil:K»tTfc5. I*3gl5l«^ffi^ 
3 0 814, V hg1g3 0 7lw^B«^*ft5*«, ^ 
<D7"J y HS3 0 7CI4, s<V—¥VH#3&-l 045; 

iMMtJR-T-TfllJS $ ft 57 -ESS SrW-f" 5 a 
[0 0 9 2] ^<7?r!l V hSt53 0 7ICI4, Sir 
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*»»JJfciH?-3 0 2 b*s*SlK»tT*>9 . Z*l\z£<O x 

X\ ±iaHlE»®^J3V^T, Vfttt&l 0 3mSSl:, 
*B«ixtt* s A»*. 0**.liNi, Ag, Pt, Sn, S 
b, Cu, Zn, Pd ©8*»t>SR$ftfc'M< tb li 
X»4, C;KbWfgA»biitlR£nrt'>&< tb 2 
«©4fe«S:^tr&AS:»Bi-5 4 9 ir LT t 4t\, 
[0093] . ±!Ebfc4feiRXi±-&^ii, A# 

3CD^ffi£8f? wil-49. /«!7— ^igflsSTf- 1 04© 10 

?t3fe|E»bnsri:l-*9. 4 9 — Sw«fflt±(6]±Sr» 

jgifcgWl 0 30g?ffi&Ni t?^ >^ LfcbiOt'fcS, 
10 0 9 4] r.W|*lS»«fc*5^T. lEbfeft 

■Ttii*>io'pti< t h— 6B-Cfc*U4Av\, 20 
[0095] ::t-. Si*. igifcgMtfl 0 3C03ISCD- 

So OTitf. Ag *Bfflini4A*ff«*s. T^S=- 

A t roSj'&ttasg t v Sr ffl v > 5 . — pBI-fc tt 

■&»T?ttAg * y*K £*A#**B8fr&a $ »*3ft*. 
[0 0 9 6] T^S-^ACO^JS5*ffl^3 0 4 frig 

^10 4 <t&Jg«ii 3 0 4 ©R**l:Aff4«^Sr# 
5Ci*t*5. — WAiltwttW-if. *B& 30 

■&B*-C<ZJ-'<!7-i]tW**^ 10 4 wtelli'ftSrMJ*.* r 

) [0097] ttB^fc*m<B#ffl»;W4* s A 
mteSi* l o 4;JW*TM*w{£BA i 'blb<^TL4 5 r 

(±}$/«cv^<o-e, /<!7— iMHfcl 0 4***tt<]jWU±fc< , 
Sot, BfTjgwteBK^BS^i-S^ t#f#5©Tf* 40 

So 

[0 0 9 8] Ctf>|§£\ #BK>7^ US' Ks6^ffi)^< 

[0 0 9 9] r«t tcO^Btg-^/l 1 0 7 COJ? $ t LT 
IEL7t®?g*aag|5/j5/-;r7-^fls ! o 4 ©J*flffl*>P>l4* 50 
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mtTLS P85H»4, 5 0/tm^bStl 00 ^raggt 

[oioo] rrotj^^-^llfl^i o 4 tg© 
ibi o 3<Dm-&\zi&m-rz>*m&-&iB 1 0 7ro»tiL 

Tli, 7"ct^i£I»\^b*5i:, 6 3%Sn- 

3 7%Pb 4^roffitfe©Mfii*l-fivWI*t 
<^#, & v £^*LTi^v^B#g#£ft54§-&l-f4, 

Sn-Ag, Sn-Ag-Cu, Sn- Ag- Bi (C 

[oioi] ::t. ^B^iijEco^ ¥Bco&-g-u#cD 

*. *B«-&I4, J: 9 5 0 c CHgil5W£« 

ftT<c?©T-, ^BcoSL&S:, *6»Et 1 0 5 coWgtffi. 
£4 9 5 0*e£U:(g;< t5 t *v\ 
[0 10 2] ^BS-&W*S?a«?:, Wf 1 

0 soitflMOAJ: 9«<i--5^E*5*>S*&^lwl4, ¥B 
«e^©«TE»Sr««u-c^»ixilAv\ tffttn 

*tl 0 3frflf'BI6lftJ > l 1 0 2^S§^-rSf«l4. SUi£<9 4 
iDJE^^-TSo fifo-C, ¥B*&li, iiWWl 

0 3 zmmmmm 1 o 2 ir»-&i-si§4 9 t«oia 
tfcsro-e, ^BS-af KIEffffigti- s K tr (4 . 

**1 0 3 ttgEi-^— *t5 1 0 1 ±U:@3t$ti,-0^„ 
[0103] ;i<D4 5&i§-£-i::l4, Ell 1 ic^i-i 5 
13. lgtfls:$Mtl 0 3 1-^LTfeSMiiSSl 0 6 CAP 
btiiatiMi6&m^X^zmf&k-r&z.b\z 4 9. ¥B 

[0104] /<7-¥««:Stf^- 1 0 4 Srtttttttr 

1 o 3 i^lt-g-rsfcftw^ffl^l i o 7iro^r, ill 
1 2 £E1 3lw4 9lftigi-So rrt% Ell 3 14, Ell 
2WA§BroJ£^ElT-fo9 , m^co|2l7!i^BJ bA^i b 

:©*h^ii o 7»di4, *<Dm<omzfct)im\ 

S1001 *SK»tT*>5. 
[0 10 5] ^:t% Z.<Dfcjlfflffi& \ 0 0 1 ©TOt 

LT, *<r>ffim&&&<»mi>K y<v—^m»^l-i 0 4 
Sr^^i- 5 > U a >- £ SMWM* 1 0 3 SrtSfife-f- 5 *m» 
Mt-*5fi-»Srfflv N 5ii:l-J:9, #H8f*ll0 7l: 

[0106] -ett. wco.t^'ifc^iiajffii o o ico 

i*. »ei»**SK<. Lfai>*m®iX&fr&ftteZ.tfr 

[0107] rcot *mm&m 1071:, ^*t>^co 

^ffl^i 1 0 7 <0jf:£ t|^)^cC)i:SCO-->"Jr/KD#— 
^SrilALT*5< - £1^4 t) , (£:^«S®ffil 0 0 1 tf* 

mm&JBi o 7 <om>pxm< <o^m±xt , #h«^i 
i o 7 <Dmm<oi$)-te.fc&ft£ixz>(ox\ zizmmmte. 

[oio8] tot. u^izVLmLiamm^mzxix 
if, Kmrnxtzmth, i&^mwi<ominzxbi&Bmm(o 
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ffidft 4 / < !7 ^ » -yuSrffl l ^ r t \z X 9 , 

[0 10 9] *lw, *55W^>ffeoJI*»«irff6*»# 
*v?a-;uov>t, Hi 4 —Ell 7i::J; 9Ift931"S» - 
<0<k#, 01 4tt¥BB«ift«:*toU B15I4B13© 
A-A* ^fffis 01 6I4E11 3COB-B' IfrffiSrilfr 
-To — Hi 7 14, Ell 4^*5lt5E*««*teSrtt 
M-TifcA, SMWtttl 0 3 fcffigl 0 5, fltaKl 0 10 

6 , mmmm 102. **ik/<7-*»#*t 1 0 4 

fctf ttS LT* L/c toffee 

[0110] 41\ rixfe^Hi 4~E)i 7ti 

*LfcSHt*ffi* s , H3-H5tRWtfcSl*»llli:* 

[0111] i-ft*>*>, ei 3 (ommmf&x^ &m&n 20 

»i 0 0 6 a*, EJT-t4^;£ftirfto-c^ 

«-e«4, 0 6#«*iftK:fco-cv^ — 

[0 112] £7t. mfe^St«i»tBwlB^ 

» 1 0 5 a <D»/HfiBFHwt>fc5 0 o£9, ^SB^cDg^ 
MKUftlMEff 10 5a 3ft*»lfC*ftjSttt, El 3 0*tS» 30 

*tl 0 3H<0EtffcoVvtt4, »»Ef 105a*5fiS 

[0 1 1 3] f¥L<t&9?i-5£, ^<7>Ell 4<Dmffi.&Wi 
-et4, Ell 7Sraixl43ElwBJb^3!cJ:5i-, ffi^ffiff l 
0 5 a 14, H-C±«Jrfc* lfloVflEWt 1 0 3 e 
T«-*)*3«o*fls:»*tl 0 3 f ^M^iO*»#l-£ 

E* 1 0 5 a fctt*#4**fcttttftv**j»s % tftltS^fl: 40 
(omti# ft l I * S C £ 14* 5 4 t> ft t \ 

[01141 ^cOEll 4— Ell 7l^^LfcHi£ 

JKU8TI4, EW^«^9* $ s6W4aBlf^ot^TI4, E* 
OAPiUlP3&S|B«ttfcft5J:5lw % »ff«B«l0 3S: 
EffU :Hl:J:9,«*»#i03etl«Wtio 
3 f MoEtf KJiitttefcEff 10 5a fcJfli\fttfSFtrJ: 

[0 115] -t IT, CCO^jft, WMVttl 03eP)tt 
W*»tf l 0 3 f ID±col£« : iri4, A9A c SAft* 
JRftif, l«Wf©Efl05bfc^S:tWi, 50 
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E**r*lffcr i:fcJ:S«*H4«)<ST*sJBw feftt*£ 5 

[0116] ftox, r<onis?gii^«tntf, %&e£ 

10 5a ttB^fcRfetU *M»E» 105a 

B#ft<* Wo-C, tt»ffcJ:Slft»E»o^k«>jRntt. 

««rc*ft<. 4fc, ** 

ftSfeSE© 10 5a <ote/8tta 5 '>ft< r**, <W51Mfc 

[0117] coeii 3o3£JSJgflgT-f4, -hfsco 

3 0 6^t6&l4 0 1 £r^UT, z*fr»# 1 0 3 e 0>± 
KKtf"Cfc0, EI3<Oj|JS?Kflit ttSfto 

[0 118] 3 0 6#SW8M#1 0 

3 eifcRttfcixfctt*, ilMWWl 0 3 e fcXfrtttt 
1 0 3 f 0>Ma s ffilBlwft?K ft^9 0«tv^*B8"t?E»-*"" 

f 105 a©«trl<t5:tW«. 
[0119] :<^)^^s r. <D2g<fcjf 3 0 6 14. S3, T A> 

•I:*tt5»li3 0 6<Di pic, *S«r*^i-as6JK 
I4ftv\ L^, rcoigm^3 0 efcli, SMMBtl 0 

[0120] ^IT, ^^-f ^y?*>*(Di&TlZ£ 

10 4 <DW&<Dfelxfr'Pte < T# So 
[0121] ftlw, El 1 8 t El 1 9 14, El 3 tCTjt Lfc^N 
»7— S&^*«1 8 0 2 t^SPzKW 

Hffl<^^>*^l 801, 77^1 8 03, WII, m 
b*>-^i7TVft^bft*»«IEttffl^tl«llHlKS: 

^ntz.m^<o^m(D—mM^WiX\ m 1 8 (4^®it it 

?r*b, Ell 9i4, Ell 8^A-A' Wffi^r^bfctco 
[0 12 2] rrr% E13-El5T*KP^Lfc*Jfe^«it 

t s r.ne>^a5>twov^-c^»Lv^awi4»a-r5o - 

ixbEl 1 8 i:Ell 9^^i5V^T, ffimzmWi-tZM^tslft 
(4, iiffl©/<7-*iS#*fl70 1t, w<0/<!7- 
7 0 1 Sr^-rsfcfe^WWS^bftSB 

l co^U v hS<Si 7 0 2, ^r^lrg2co^y > h^t5 

1 7 0 3T*ffi^SnTV^ 0 

[0 12 3] LT, *-fyy ^hSffil 7 0 214, >@ 

ffs»i o 3 tmmztm. jomir j: 9«taite»a i o 

2i:g^lTfc^o wwT\ ^hStgl 7 0 2 

14, «#$|5#1 0 349&WA 
lcf&A^Sr#Ai-^wt(rJ:9, l 0 3 t IB- 

[0 12 4] fttw, S^COT-y >-hS<Sl 7 0 3 y 
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!)ynsi 7 0 2i m^mm^m 1 o 2 c&fr-r 

7 0 1 Sr^E^tswt-fcs^, :rot# 
o¥H#&tt, ^fclEtH-S^y-^tti^M 0 4 

[0 12 5] ^2^7'y V hS«l 7 0 3KI4, 
SBfb3r$W-r-5(E]Sgi:. *:<D{&<nm*n&A i &&£1n : b 
*s. 3Efc. ^<OggffibSr^Jffli-r-5lElKt@ J ?-gBp a nSr*l : « 
LTt>&v\, -t Lt, rc07*y V hSffil 7 0 3 14, il 
H. rtaJS^4S^3 0 8«r^Ltyy VhS*g3 0 7 t 

[0126] 103 <7>Bftiigg 1 0 6 14. ii&lt 

Etf 1 0 5 a Sr^ \^XW&$lM 1 8 0 2 i^VT" 1 8 0 
1 twii§1g£*t, /^SPtK 1 8 0 4^*^1 801l:±9 

•3 . aa^-t# b^*Pzk 1 8 o 4 1 8 o 

) 2<Ott\ 7 7>1 8 0 3^bMSn5ftSiai 8 0 

[0127] ^— ^tS 10 1 OTffiK 1)7? 

>1 8 0 3^b^^$ixS^*|imi 8 0 5 
rtiwit), rro-<— o i ^"bwiicSft^iSiS^tL 
5i5tc:i-2,„ i*t»wj:D, yy>hSSi 7 o 2±lc 

<7?^y > hifii 7 o 3 \zmi&£2nx\,^iEi&m^-v>#i 

[0 12 8] ^<nt%. iffiroSEKlHiSSlinEiISS l 0 6 
Sr&ttfcS&ttSl!** 1 0 3»w±!7^$ax5A$. MH^iE 
lblE]!gf4. **£l 0 1 Tffia>'b<a?&foS^ttT-;&$v 
$n^>„ ffiot, ^iro/^Hfil 7 0 2tf 
7" 11 > h^ffi 1 7 0 3 14. El^r^J; 9 JftiPBL 18 0 
5 <£> StHW ±«cfflij IC ffi «i" 5 <fc 5 K b T h £ o 

[0 12 9] {fib, «iir*fLt±tolA^t< 1 

Hi 8 0 5 WgL±K*5.fc 5KEfiL-Cb<fcV\, 
[0130] Kir. W 2 0 14. s<-*Wi 1 0 1 fc*#5£ 

5K. ^«l 0 l IwfcSSii&l 0 6 SrtS'ltS 
ir^lC, tK^^I 8 0 1 t 2-feSft, 8\£ikg§l 8 0 1 
T-^afi^n/c^TK 1 8 0 4 b /A 1 0 1 irfS 

ttfc»sii!S i o 6 zmm-tz x o^m&Lxhz* 

[0 13l]8ot, - (73E12 0W^i£^©ir«tixl4, 
[0 13 2] *tw, 0 2 1 14. ^fiKff.a^W^ 
gBasffiSSfiS 2 0 0 1 <k>tS8i3§2 0 0 2. B2$g# 200 
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3. -tftKj&SSSS 2 0 0 4Tl??/£$h. rtt^cO^gUt 

[0 13 3] &&Wl2 0 0 1 14. El^LTftV^SIIiliiro 
^v^vT-SEffii$ix. :hl:£ 9 . 2 0 0 1 14. 

^HS2 0 0 4A>b#*#<Oi<&g££KALTffii8U i& 

0 0 2 <0rteBI4Si£iS;EE«flS»w/«C 9 . ag$8S 2 0 0 4 <0 

[0 134] CWtt. Bt*5S#200 314. 

0 0 2«-C©*ffi*tfflfc, II12 0 0 4M-COfiEK 
ffiWtt feft* v >t-{5M$ $ hi «fc b ir-r 5„ 

[0 13 5] -trf, E^b-C^V^7rV/«cfl'4:l9. 
WB8 2 0 O 2Sr*a«?*ftfc«*Jxfctt«l=U» in 
*:eo*£rtro§g£Wsa&$88 2 0 0 4 trusts J: o K. L 
T*3< t. 0 0 2<D*ff>&i§.\z3bZ>#Xtit(D#i 

20 -ft-r-s. 

[0 13 6] -trt-, r©^bLfc^S£*S|B3S#2 0 0 
3 taiSL-C«*«2 0 0 4te«*&$ii5t, Z.Z.titt 

[0 13 7] I^g2 0 O 4!*iTtf*itL1Z 

Jftattt. tEi«2 o o i KRASits'ro-e. n% 
8 2 0 0 4 rt *SKJEI=4 5 r 1 14* < . #i£cDigig£ Ufc 
**3i»li»**t. ^OifS*. «*S»2 0 0 2*«l»Slir 

[01381-tr.f. r WEI 2 1 (DmMl&f&X'l*. Z<D 

»— /PW<IMia»$:*JBU IM2 0 0 4d^El«2 
0 0 1 tr55ft«E©aiS«w, ^SUfr^^aL-yuoSfffB 
0103 Sriia-aroi^a^»ftftji8§* s ^4^5 J: b \z 

[0 13 9] IM2 0 0 4*^l±JT< 

#(7>?£j£l4; 3iT='>'lr J: 13 ^^ixT 5*^1*9 

40 isorm b?a«-e. *» i o 9 isatrfc ? . 

T. CWUffiJBflHwihli, ^<7-^^^-l 0 35r 

[0140] E12 2»4. Ill 2 1 WHJSff$fi8lC*3V> 

T. ¥jg#*-^-/u<7)^#gBfcj-l 0 3^i§5— iS^i^ 
SPfflBftffiiKlr. f»ffl# 2 0 0 5 Srf»*.fc»«EEtf 2 0 

-g-. *J*8>#2 0 0 5^*>S<0-e. f^vJa-zK^ft 
50 [0 14 1] iSSMCii^^-^^^a- 
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*a«*>5. z<nx#—f i — ^ ii, i§ 

[0 14 2] CiD, Z<om-£s 

0 0 5££Wi#, 3iT3V«??&JiSr*#»«i 0 3 10 
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